Se ee, Perey 
= ~ . a _ 


se + 
Pegi igh py Phy , 


ee 


or tee 


A collection of proven and 
experimental radio | 
equipment designs, together 
with sound practical advice. 


it 


The RSGB 
Technical Compendium 


RadCom 1999 


Radio Society of Great Britain 


Published by the Radio Society of Great Britain, Cranborne Road, Potters Bar, Herts EN6 3JE. 
First published 2000 


© Radio Society of Great Britain, 2000. All rights reserved. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, 
mechanical, photocopying, recording or otherwise, without the prior written permission of the 
Radio Society of Great Britain. 


ISBN 1 872309 71 2 


Publisher’s note 

The opinions expressed in this book are those of the authors, translators and editors and not 
necessarily those of the RSGB. While the information presented is believed to be correct, the 
authors, the translators, the editors, the publisher and their agents cannot accept responsibility for 
consequences arising from any inaccuracies or omissions. 


These pages are reproduced from RadCom, the members’ magazine of the Radio Society of Great 
Britain. In 1999 the Editor was Steve White, G3ZVW. 


Cover design: Room4Design, Nuffield Press, Abingdon. 
Illustrations: Bob Ryan. 

Production: Mike Dennison. 

Pre-press: Trevor Preece 

Printed in Great Britain by Drogher Press. 


RSGB TECHNICAL COLLECTION 


Preface 


“Wouldn’t it be great if all of RadCom’s technical articles were published in a book.” This has 
been the message coming from RSGB members, and here is the book. 


We have compiled all of the technical features from the twelve editions of RadCom from 1999, 
plus one from December 1998 (part one of a two-parter) and one from January 2000 (the end 
of a seven-parter). To this has been added all of the ‘Eurotek’, ‘In Practice’ and ‘Technical 
Topics’ columns. 


The book covers a wide variety of subjects, but the most notable include a report on the radio 
aspects of the total solar eclipse, the first UK amateur radio digital telephony transmissions, 
details of PSK31 by its creator, a simple 80m transceiver and a DDS synthesiser based on the 
PIC chips. 


It’s not only constructors that are catered for. There are several articles on operating 
techniques, propagation and enhancing your station. And of course antennas feature 
prominently as in any amateur radio publication. 


Eagle-eyed readers will spot empty spaces on some pages. This is where advertisements and 
other extraneous items have been removed. Some captions and parts of some diagrams look 
rather faint. These were originally in colour and came out as grey in the transition to 
monochrome. 


The RSGB Technical Compendium would not have been possible without the authors and 
columnists who wrote the original articles. I would like to take this opportunity to thank them 
all for their significant contribution to the technical health of amateur radio during 1999 and, 
through this book, into the 21S century. A list of authors can be found in an appendix. 


If you find this book to your liking and want more, turn to the back page where there are 
details of the Technical Topics collections. If you are not already an RSGB member, you may 
consider joining in order to get this quality of material delivered to your door every month. 


Whether you choose to construct, operate or just read about the technical side of amateur 


radio, you will enjoy the RSGB Technical Compendium 


Mike Dennison, G3XDV 
RSGB Publications Manager 


RSGB TECHNICAL COLLECTION 


4 


RSGB TECHNICAL COLLECTION 


Contents 


Feature Articles 

Pic ‘n’ Mix Digital Injection System 

PSK31: A New Digital Radio-Teletype Mode 

Facelift for a 13cm Station 

Electrically Tuned Six Band HF Beam 

Poor Man’s Caesium Clock 

Ready, for VILEe de WHI Ding 7 emeecenttnenerercntenttteraiveenniebrenae csteteys ARN e oy ee, oF OL IUOOU 4] 

Getting the Best Out of Your VHF Station 

RF Output Power vs Load Impedance 

Screwdriver Rapid QRV Antenna 

Touch Sensitive Keyers 

Designing ATUs Using a Spreadsheet 

Build an E-Field Meter 

Radio Effects of the 1999 Solar Eclipse 

New Life for an Old Rig (the KW2000 series) 
- FM Spectrum Analyser 

Erecting Portable Masts 

Skymiser HF Antenna 

Pic-Based Morse Decoder 

Icom Data Interface 

Sensitive Loop Antenna for 136kHz 

Simple Digital Power Meter 

Evolution of the Personal Computer 

Turn Your Dip Meter into a Signal Generator 

Microwave Subsystem 

Digital Voice Communication 


Frequency-Selective Impedance Bridge 


Articles from Down to Earth 
Easi-Build 80m Transceiver 

Simple Diode Tester 

Introduction to the CRO 

Mysteries of the Ionosphere 
Introduction to DSP 

Two-Peg Axial Gripper 

Introduction to Voltage Regulation 
Art of Shunting Meters 


RSGB TECHNICAL COLLECTION 5 


Contents 


Introduction to AGC 

Simple Auto Keyer 

Introduction to Gamma Matching 

Dual Voltage Supply from a Single Battery 
Introduction to Rectification 

Reaching Great Heights in Amateur Radio 
Introduction to Quartz Crystals 

Earth Continuity Tester 

Introduction to Transformers 

Introduction to Solar Indices 

Introduction to ATV 

Introduction to Speech processing 
Introduction to Noise 

Simple HF Antenna with Gain 


Eurotek 
Pages start at 


List of topics covered 


In Practice 
Pages start at 


List of topics covered 


Technical Topics 
Pages start at 


List of topics covered 


Miscellaneous 

Technical Feedback 

Book Choice 

Abbreviations and Symbols 141, 151,457, 359-1 67,1279 
What’ Do You-Know?.,...1 sc. stack reas, tesaet cess a toves Siem tac cl tetas cstee oe a 151, 154, 157 


Appendices 

Alphabetical List of Authors 

Topics Covered in Eurotek, In Practice and Technical Topics 
Alphabetical List of Feature Articles 


6 RSGB TECHNICAL COLLECTION 


Technical Features 


RSGB TECHNICAL COLLECTION 7 


Pic ‘n’ Mix Digital 
Injection System 


Part One, by Peter Rhodes, BSc, G3XJP* 


HIS CONSTRUCTION project brings 
together a number of themes which I 
have been kicking around for some 

time. But first, why “PIC ‘N’ MIX’? 


TWO ESSENTIAL TERMS 

PIC - A range of microcontrollers produced by 
Arizona Microchip Inc. In this application, the 
PIC 16C84. 

DDS - Direct Digital Synthesis. The technique 
of digitally generating the output frequency 
directly (as opposed to typically mixing the 
output of a VFO with a crystal oscillator - or 
employing phase-locked loop techniques). In 
this application the Analog Devices AD9850 
‘complete DDS synthesiser’ chip is used. 


IN BRIEF 
PIC ‘N’ MIX provides PIC-controlled direct 
generation of the required injection frequen- 
cies into the signal frequency mixer in your 
transceiver. 

PIC ‘N’ MIX also in the sense that you can 
pick and choose which functional elements 
you build; and in the sense that there are, by 
design, a number of different mechanical con- 
figurations to best suit your circumstances. 

You are also presented with the radical 
choice of using the software I have designed - 
or writing your own. 

The PIC microcontroller (and about 400 
hours of software development) provides con- 
trol and operational flexibility, while the DDS 
chip is used to synthesise the RF output, giving 
stability and low phase noise. 


CONVERGING THEMES 
DISCOUNTING THE VALUE of your time, I 
would argue that for years it has been viable to 
build multi-band HF transceivers which out- 
perform their commercial counterparts at any 
point on the Price v Performance graph - from 
the cheap and cheerful through to the truly 
exotic. Except, that is, for one critical element 
- the injection oscillator. 

I have been building VFOs for years that for 
all practical purposes didn’t drift. Almost all 
were based on the Vackar, running somewhere 
between 5-10MHz. Besides some time con- 
suming temperature compensation, I never 
gave them a second thought. 

But they need about eight crystals, a mixer 
and switched bandpass filters before they can 


*44 Manor Park Avenue, Princes Risborough, Bucks HP27 9AS. 
E-mail pirhodes@aol.com 


feed both the signal frequency mixer - and a 
frequency counter which gives a natural dis- 
play of exactly not quite the frequency you are 
on! It can all be made to work, but only at 
substantial cost in time, money and space. And 
the only incremental feature easily obtained is 
RIT. 

Then, in February 1996, Technical Topics 
[1] reported the results of some phase noise 
measurements made by Colin Horrabin, G3SBI, 
and Jack Hardcastle, G3JIR, ona stable Vackar 
as ‘rather disappointing’. This set me thinking. 


Reference | 
clock "33 


~ AD9850 


32-bit tuning word 


(generated by PIC) ©rscB RC2054 


Fig 1: Basic DDS block diagram. 


Most of us ignore oscillator phase noise be- 
cause we can’t measure it, myself included. 
Does it really matter in practice? 

The ARRL Handbook has an excellent sec- 
tion on the subject [2] which concludes“... .far- 
out phase noise can significantly reduce the 
dynamic range of a receiver. Far-out phase 
noise performance has effects just as critical as 
blocking dynamic range and two-tone dynamic 
range performance of receivers.” Yes, but does 
it really matter in practice? I mean, am I truly 
going to fail to copy real signals on a signifi- 
cant number of occasions because of poor 
phase noise performance? 

I determined to find out by adopting the 
simple expedient of fitting a change-over switch 
between my traditional VFO and a phase-quiet 
alternative of the same power output. Then, 
under a variety of practical conditions, could I 
tell the difference? The problem, of course, 
was to find this alternative without spending 
impracticable sums of money. 

Technical Topics [3] came to the rescue 
again by first bringing to my notice the Analog 
Devices AD9850 DDS chip. A few minutes on 
the Internet produced the data sheet - and it all 
looked too good to be true. I set about design- 
ing some traditional TTL to control it, and 
actually got as far as building some of the 
boards before giving up. This is because, al- 
though I have no doubt it would have worked, 
28 TTL chips to control one DDS chip - and 


provide a modest range of useful features - was 
ignoring any reasonable definition of the ‘in 
practice’ imperative. 

It was obvious from the outset that some 
form of microcontroller would provide the 
solution to the control problem, and at the same 
time offer the ability to provide a range of 
operational features. What put me off for 
months was the costs of acquiring the develop- 
ment environment and the hardware to pro- 
gram the chip. A glance in the larger cata- 
logues suggested little change from a £200 
investment for PIC development - totally un- 
acceptable. 

The bottom line is this. Arizona Microchip 
provide on their website their complete devel- 
opment environment at no cost - as well as 
copious application material. And there are 
numerous circuits for PIC Programmers pub- 
lished on the Internet which you can build for 
less than £5. The project was bern. 


CONCLUSION 

PHASE NOISE does matter in practice. On a 
substantial number of occasions it makes the 
difference between R2 and RS signals on SSB. 

For example, the home-brew net convenes 
daily around lunch time on 80m, just down 
from the SSTV calling frequency and just up 
from a prominent French coastal station. These 
are a convenient source of large adjacent chan- 
nel signals. 

If the band is flat and quiet, it makes no 
difference. If conditions are lively - using the 
DDS source - then I can often copy Ed, EI9GQ, 
at only just RS. Switch over to the VFO and the 
readability instantly degrades to near hopeless 
if - and only if - there is significant adjacent — 
channel activity. The effect is insidious. It’s 
not that Ed’s signal goes down, it’s that the 
base level of band background noise appears to 
go up. It doesn’t, of course. 

What is happening is that the noise sidebands 
onmy VFO are mixing with adjacent signals to 
produce incremental noise in the passband. A 
very salutary experience, because this noise is 
totally indistinguishable from band noise and 
you could operate for years without realising 
what was happening. 

It would seem that there is a basic conflict in 
VFO design. The traditional view is that you 
drive the oscillator gently to keep the heat (and 
therefore drift) down, and follow it with an 
appropriate buffer to get the power up to the 
required level. This approach also maximises 
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phase noise. Conversely, if you drive it hard, 
then it becomes increasingly difficult (in my 
experience, next to impossible) to maintain 
acceptable frequency stability. 

With the DDS approach, phase noise and 
drift are intrinsically small. The topic is cov- 
ered shortly. 


PIC 'N’ MIX SUMMARY 

BEFORE COVERING the essential theory, 
these are the features on offer should you adopt 
my software. 


GENERAL SUMMARY 


@ PIC ‘N’ MIX replaces the functions of 
the crystal oscillator bank, VFO, mixer, 
bandpass filters, power driver and fre- 
quency counter associated with a conven- 
tional HF transceiver, with significantly 
enhanced features and lower cost. Not 
merely a VFO! 

®@ Alternatively, it acts as a programma- 
ble and/or tuneable signal source with 
output from audio to 40MHz in 10Hz 
steps. 

@ All functions are controlled by either a 
multi-function tuning knob - or by a sim- 
ple telephone keypad with 65 discrete key 
combinations recognised by the software. 
@ A large 6-digit 7-segment display with 
auto-ranging gives a resolution of 10Hz. 

@ Two independent VFOs provide IRT, 
ITT and cross-band operation. 

@ A variety of tuning and scanning modes 
provides operational flexibility. 

@ Any desired frequency may be entered 
directly from the keypad. 

@ The switch-on frequency and 9 band 
initialisation frequencies are user program- 
mable. 

@ As are 10 frequency memories. 

@ Any three IF offsets (USB, LSB and 
CW separately) in the HF range may be 
entered. 

@ USB/LSB/CW selection outputs - and 
band switching outputs to the host trans- 
ceiver are provided as a hardware option. 
®@ Front panel LEDs provide status infor- 
mation and double as a bar-graph to show 
tuning rate. 

@ Finally, there are a number of possible 
physical layouts providing flexible out- 
board or integrated configurations. 


ADMINISTRATIVE FEATURES 


@ The frequency accuracy is determined 
by areference oscillator in the VHF range. 


You may use any crystal in the range 
100MHz-125MHz and program the ac- 
~ tual frequency into the software yourself. 
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@ Final calibration and any subsequent 
correction for crystal ageing are achieved 
using the tuning knob to drive a trimmer in 
software. A physical trimmer, which would 
inevitably introduce drift and phase noise, 
is neither required nor provided. 

@ IF offsets may be entered from the 
keypad and/or trimmed to zero beat with 
the host transceiver carrier crystals. 

@ As an injection oscillator, the output 
frequency is the selected IF frequency plus 
or minus the desired frequency. The choice 
of high-side or low-side injection may be 
made ‘on the fly’, with the sideband selec- 
tion outputs to the host being switched to 
correspond. 


sin(x)/x envelope 
where x = (pi) Fout/CLKIN 


Amplitude 


Fundamental 
output FouT 


Reference clock CLKIN 
frequency (125MHz) 
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@ Memory scanning mode cycles be- 
tween the 10 memory frequencies at a 
speed determined by the tuning knob. 

@ Spot scanning switches between two 


chosen spot frequencies at a speed deter- 
mined by the tuning knob. 

@ Range scanning tunes between two 
chosen limits with frequency increments 
determined by the tuning knob. 


AD9850 DDS 

THROUGHOUT THIS article, I have used the 
nomenclature used by Analog Devices in their 
data sheet [4] and only mentioned the features 
and configuration of the chip used in this 
project. There are others. 

There is little you 
need to know about 
the internal workings 
of this device. The 
most significant con- 
sideration is that it 
contains the DAC - 
necessary to convert 
the digitally gener- 
ated sine wave to 
analogue form - on 
the chip. This means 
you neither have to 
worry about specify- 
ing a suitable DAC 
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5th 
image 


Fig 2: DDS output spectrum, showing the fundamental and image outputs. 


OPERATIONAL FEATURES 


@ Intelligent tuning continuously moni- 
tors the speed and duration of tuning knob 
rotation to vary the tuning rate dynami- 
cally. Thus the longer and faster you turn 
the knob, the greater the tuning increments. 
@ A software flywheel engages auto- 
matically at high tuning speeds for rapid 
and/or large frequency excursions - and is 
disengaged by the slightest turn of the knob 
in the opposite direction. 

@ As opposed to traditional tuning where 
rotation of the knob alters frequency, a 
tuning rate option is provided whereby 
rotation of the knob alters the rate of fre- 
quency change - from zero to very fast. 
This is particularly useful for casually scan- 
ning around a band without having to con- 
tinuously turn the knob. 

@® Guard channel operation provides nor- 
mal tuning, but with a brief switch to an- 
other chosen spot frequency about every 20 
seconds. 

@ Up to 10 memories may be programmed 
with frequency. As opposed to merely 
providing spot frequencies, they are also 
jumping off points for further tuning. 


nor interfacing it. 

The basic block 
diagram is shown in 
Fig 1. There is a simple relationship between 
the output frequency F,,, ,, the reference clock 
frequency CLKIN, and the 32-bit tuning word 
DPhase:- F.,,,= (DPhase x CLKIN)/2” 

Using a 125MHz clock, the highest fre- 
quency permitted, this gives us tuning incre- 
ments of 0.0291Hz, orders of magnitude better 
than needed for this application. In practice 
this means that, using 10Hz tuning increments, 
an error of 0.0291Hz is significantly smaller 
than, for example, any drift on your carrier 
crystal. 

Stability in a DDS system is the same (in 
parts per million) as that of the reference clock 
crystal oscillator. For example, if the 125MHz 
clock drifts by 10Hz, on 80m with 12.5MHz 
injection, you will drift by 1 Hz. Phase noise on 
the DDS output is better than that of the refer- 
ence clock - which contributes most of the 
system phase noise. The improvement is: 

20 log (CLKIN/F,,,,,) dB 

Is it that simple? Unfortunately, not quite, 
for as well as generating the required fre- 
quency, aliased or image outputs are also 
present. This is inherent in any sampled signal 
and the output observes Nyquist’s theorem. 
The aliased images are at multiples of the 
reference clock, CLKIN + the output frequency 
Four Thus, with a clock frequency of 125MHz 
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and the wanted output at 20MHz, the images 
will be at 1OSMHz (1st image), 145MHz (2nd 
image), 230MHz (3rd image), 270MHz (4th 
image), and so on. 

Another consequence of Nyquist’s theorem 
is that the maximum theoretical output fre- 
quency is half the reference clock frequency - 
but in practice, one third is usually taken as a 
rule-of-thumb limit - to provide a reasonable 
separation between the wanted signal and sig- 
nificant images. 

The amplitude of the images follows a sine 
envelope, as shown in Fig 2. A low-pass filter 
is therefore inserted in the output to reduce the 
image outputs. On the highest bands, using a 
high IF, the Tx/Rx signal frequency tuned 
circuits offer further protection. Using the high- 
est possible reference clock frequency obvi- 
ously helps. 

There are other discrete AM spurious out- 
puts as a result of limitations in DAC technol- 
ogy. The significant ones are few in number 
and appear from the user’s perspective to be at 
random frequencies. Analog Devices specify 
them as better than S0dB down, and the prac- 
tical consequence of these is an occasional 
‘birdie’. 

The remaining AM spurs form a continuous 
noise floor at about 70dB down, and these give 
rise to the greatest concern. A typical double 
balanced mixer will furnish about 40dB fur- 
ther suppression - so if the mixer is injected at 
+7dBm, weak birdies will be heard if the band 
noise is less than 2mV at the mixer RF port. On 
the LF bands with most receivers this will be 
academic but on, say, 10m a typical Rx will 
need to use an RF pre-amp with some 25dB net 
gain to both retain adequate sensitivity and to 
mask the noise floor. This topic will be much 
less of an issue when 12-bit DDS is available at 
affordable prices, but meanwhile this 10-bit 
DDS may not be suitable for all home-brew Rx 
topologies, particularly if you are reluctant to 
alter your gain distribution. 

The final challenge with the AD9850 is its 
size, see Fig 3. Designed for surface mounting, 
it is truly microscopic. Much effort has gone 
into finding repeatable amateur methods of 
mounting it which do not compromise per- 
formance. Analog Devices recommend a 
4-layer board with dedicated power and ground 
planes. 

I tried it on double-sided board, both surface 
mounted and let into a slot so that it sat in the 
thickness of the PCB. I had no great problems 
hand-etching the boards - but found substantial 
difficulty in soldering the chip to the pads. The 
best I managed was with a medium-sized iron 
anda length of sharpened copper wire bound to 
the bit - and very fine solder. The propensity to 
bridge adjacent leads was enormous. Worst, it 
seemed impossible to maintain clean power 
and ground plane layouts - which ultimately 
prejudices the phase-noise performance. 
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After obtaining a batch of 50 unmarked 
devices in the same packaging at a rally and 
having destroyed many in the quest, I settled 
ona dead-bug approach with continuous power 
and ground planes - mounted as a sub-assem- 
bly on a DIL socket and with the input/output 
leads taken out to the DIL socket on fine wires. 

This method is reproducible if you have 
average eyesight (or a good magnifier) and a 
short-term steady hand. The process is de- 
scribed in detail in Part Two of this article. 


THE WORLD OF PICs 

THE 16C84 IS ONE of a large and growing 
range of 8-bit microcontrollers. The devices 
vary according to speed, the amount ofmemory, 
built-in devices (including A-D converters) 
and other features. For the latest detail, consult 
the Arizona Microchip web site [5]. 

The 16C84 specifically is, in brief, an elec- 
trically reprogrammable device with lk of 
program memory (ie room for 1024 instruc- 
tions), 36 bytes of working data and 64 bytes of 
data EEPROM which survives power down, 
and 13 input/output pins. 

Also, on the web site you will find the 
integrated development environment MPLAB, 
which was used exclusively in developing my 
software. It includes an editor, assembler and 
simulator. The latter is particularly useful, since 
you can progressively build and test code with 
your target chip simulated on the PC - no real 
hardware is needed. If you want to down-load 
MPLAB, watch your phone bill, because it is 
about SMB when unzipped! 

You can run elements of the software under 
DOS, but I used it exclusively under Win- 
dows® - at first under Windows 3.1 on a 386, 
and latterly under Windows 95 ona 486. Both 
were entirely satisfactory. C++ compilers are 
also available, but I haven’t tried any of them, 
all my work being in assembler. 

Of the various programmers available, I 
built TOPIC by David Tait [6] which runs out 
of the PC parallel port. You can also build ones 
for serial port operation and some even need no 
power supply, deriving their power from the 
port. 

Having conducted the intellectual exercise 
of ‘designing’ some aspect of the software, the 
mechanics are easy enough. After typing in the 
code using the editor, you assemble it and then 
run it on the simulator - if necessary one 


AD 
14-pin DIL 
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Fig 3: AD9850 28-lead Shrink Small Outline Package, 
drawn to size. The lead width and the gap between 
leads is about 1/3mm. A 14-pin DIL chip is shown 
for comparison. . 


instruction at a time - looking at intermediate 
and end results to see if it works. You can also 
check execution times. When you are happy, 
you download the software onto the PIC using 
the programmer (say, 10 seconds) and run your 
code in the real world. If you are careful, the 
PIC can be programmed in situ in the target 
environment, which speeds up the process 
enormously. 

The assembler language itself is easy to 
learn, with only 35 instructions. The art, it 
turns out, is usually not whether you can write 
something that works, but rather can you find 
an efficient enough way of doing it to squeeze 
it into the space without unduly compromising 
features, performance and ultimately 
maintainability? As Eric Morecambe once said 
“Composing good music is the same as com- 
posing bad music. It’s just a matter of putting 
the notes in a different order.” So it is with 
software! 

So, if you-have never written any software 
before and have a PC with at least temporary 
access to the Internet, you can have a go with 
no incremental cost. (Or you -could buy a 
suitable second-hand PC for about £50 - and 
most Internet service providers offer a free trial 
period.) 

Think of the range of applications - self- 
tuning ATUs, intelligent AGG generators, 
keyers and readers; in fact, any application 
involving control or logic is a potential candi- 
date where one 18-pin DIL coupled with your 
intellect can replace acres of conventional hard- 
wired logic at trivial cost. Who says computers 
and amateur radio don’t mix? In my view, 
these microcontrollers are going to dominate 
many aspects of home-brew construction be- 
fore long. 


THE INPUT/OUTPUT 
CHALLENGE 

AS JUST MENTIONED, the 16C84 has 13 
input/output (I/O) pins for controlling its envi- 
ronment. How many are actually needed? The 
following is the first-pass answer: 


Inputs - total of 15, as follows: 


PTT. line monitoring 245-5. ee 1 
Keypad 4x3 .cacan% Sone eae 12 
Shaft:encoderi.-n seek eee 2; 


Outputs - total of 74, as follows: 


6 digits x 7 segments + decimal ............ 48 
Status LEDs:xesteere Ss tee ae 8 
Band switch outputs ..........:.cccseseeseeseees 15 
AD9850, control) :.c2ec- asses... coer ee 3} 


Giving a grand total (apparently) of 89. 


Clearly something has to give, and some 
supplemental hardware is needed. There is, 
however, one mitigating feature. The 13 I/O 
pins on the PIC can be used as either inputs or 
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Fig 4: Pic ‘N’ Mix block diagram, illustrating PIC input/output allocations and physical partitioning. Besides power supply distribution and decoupling, all 


functional elements are shown. 
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outputs - and you can change them ‘on the fly’ 
in mid program, so with cunning they can be 
both! 

Firstly, the 12 keypad switches aren’t indi- 
vidually monitored. Each row is tested in turn, 
looking at each column in turn for key presses. 
This needs only seven I/O lines. 

Next, rather than drive each display sepa- 
rately, each one is driven in turn - in rapid 
succession; ie they are multiplexed. Two low- 
cost decoder chips are added which gets the 
1/O count for the display segments down to 
seven. And of these, three outputs are in fact 
the same lines as used for the three inputs for 
the keypad columns; and the other four outputs 
are also multiplexed to drive the keypad rows. 

Then three serial in, parallel out latches are 
added to handle status and band switching. 
These have three unique data lines, a common 
clock line (with all four again multiplexed with 
the display) - and a latch line shared with the 
AD9850. The final touch is to drive the deci- 
mal point output on the same line as the shaft 


encoder direction input. 

If you have kept up with this, then you will 
agree that the total I/O count is now down to 
13! Fig 4 shows what it all looks like - and for 
good measure two lines are also shared with in 
situ programming. The only other viable ap- 
proach would be a multi-PIC solution. It turns 
out to be marginally more expensive and sig- 
nificantly more intellectually demanding. 

There remains one question. Can we achieve 
this multiplexing fast enough in the software 
so that the user sees ‘instant’ response and 
smooth ‘continuous’ operation? The answer, it 
transpires, is that it's not even difficult! 


BUDGETS 

Cost - If you were to buy all the electronic 
components from new, you should allow about 
pay 5 

Time - Construction time is obviously vari- 
able, but a good estimate would be one day 
each to make the PCBs and 1'/, days to assem- 
ble’them. You will need about two hours to 


build the DDS sub-assembly. So this is not a 
weekend project, but it probably won’t exceed 
two! 

If you design your own software, times are 
impossible to estimate. But you can write some 
software to do one useful thing - say, generate 
a fixed DDS output frequency - very quickly. 
It’s the integration of the whole which takes 
time. 

Power - you need 12V DC at 400mA, 
smoothed but not necessarily regulated. From 
10V-13V is acceptable. 


REFERENCES 
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73KHZ - THE FIRST YEAR 
RADCOM, AUGUST 1997 

THE MATHEMATICAL formula given in 
Reference 4 should have been: 


N’R? 
Ae OPAL STIS 
Roger Kendall, GOQUPU 
TECHNICAL TOPICS 


RADCOM, SEPTEMBER 1998 
THE CIRCUIT FOR ‘Replacing The SL6270’ 
won’t work because the electrolytic capacitor 
on the gate of the FET is the wrong way round. 
I have checked the original Electronics World 
article, and it was wrong there too. The gate of 
the FET is driven negative by the diode, so the 
positive side of the capacitor must be grounded. 
The gain of the gain-controlled amplifier stage 
cannot decrease below 1, even when the FET 
is turned completely off, so an input of 4V 
would give an output of 4V and not 200mV. 
The 2N3819 FET has a very wide range of 
Gate-Source cut-off voltage. This parameter 
can vary from 0.8V to 8.0V, and it directly 
affects the level at which the AGC circuit 
establishes. I suggest the J309 or J310 FETs as 
an alternative, as they have a much smaller 
spread of characteristics. 

D M Lauder, GOSNO 


AN INTRODUCTION TO Q 
RADCOM, SEPTEMBER 1998 

SEVERAL READERS have pointed out that 
the relationship between decaying oscillations 
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and Q factor that I introduced, is missing a 
factor of m. My apologies for this error. To 
estimate Q this way, count the number of 
cycles between amplitude 2.7 and amplitude 
1.0, then multiply by z. 

Peter Martinez, G3PLX 


WHAT DO YOU KNOW? 

RADCOM, NOVEMBER 1998 

IN FIG 4, the right-most block of the receiver 

should have been labelled ‘AF Amplifier’. 
Steve White, G3ZVW 


WHAT DO YOU KNOW? 
RADCOM, JULY 1998 
THE CORRECT answer to question 12 is ‘b’. 
I wonder what suffix should have been used 
when halfway through the lock gates? 
K Bartlett, G7LSR 

[Assuming the lock opens into tidal waters, 
when the lower gates are open the vessel would 
be on tidal waters, irrespective of whether in 
the lock, part way through, or outside of it. This 
would put the station concerned ‘At Sea’, as 
BR68 puts it. 

Under this condition, Maritime Mobile 
(/MM) would be called for. -Ed] 


RADCOM NEWS 
RADCOM, AUG & SEPT 1998 
REFERRING TO the first European radio 
amateur to contact the USA, “. . .it was not 
8AD but 8AB. Leon Deloy of Nice was the 
holder.” 

Allan Herridge, G3IDG 


RX CALIBRATOR & TX MONITOR 
RADCOM, JUNE 1998 

THE CASE TYPE should be WB3, not WB2. 
Referring to Fig 7, the capacitor adjacent to the 
wire link, marked C11, should be C14; and the 
capacitor between R2 and IC2, marked C5, 
should be C4. 

The rightmost IC is IC6, and the connection 
to the wiper of S1b connects to the wire link 
below R11. 

JS Linfoot, GOCPP 


2M & 70CM SIGNAL SOURCE 
RADCOM, AUGUST 1998 
IN FIG 1, the ground connection of IC1 should 
be to pin 7. Pin 1 is NC. The PCB layout is 
correct. 

Godfrey Manning, G4GLM 


TECHNICAL TOPICS 
RADCOM, AUGUST 1998 
IN THE CAPTION accompanying Fig 8, Rf 
and Rf2 should be 5k (pre-set to 2k), and Rb1 
and Rb2 should be 1MQ. 

DM Lauder, GOSNO 


EUROTEK 
RADCOM, NOVEMBER 1998 
A READER has called my attention to a couple 
of errors. 

Firstly, the MOSFET in the SOMHz ampli- 
fier should be IRF610 (not MRF610). 

Secondly, the author was Klaaas Spaargaren, 
PAOKSB (not PAOKLS). 

Erwin David, G4LQI 
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Pic ‘n’ Mix Digital 
Injection System 


Part 2, by Peter Rhodes, BSc, G3XJP* 


niques for mechanical construction are 

explored. These include a process for 
making one-off PCBs and for mounting the 
DDS chip on a DIL socket carrier. 


OVERALL STRATEGY 

WHEN IT COMES to the layout of the 
hardware, flexibility is a design objective. 
When it comes to.the mounting of the DDS 
chip itself, a successful outcome is likely 
only if you absolutely follow the rules and 
allow me to adopt a somewhat dictatorial 
style. 

Your first decision revolves around 
whether you are building an external injection 
source or are integrating it mechanically with 
your Tx/Rx. In either case, self-evidently, the 
tuning knob and keypad need to go on the front 
panel, with the display board immediately be- 
hind it. 

The DDS board is the same size as the 


I: THIS PART the alternatives and tech- 


display board. It is designed for mounting . 


parallel to and behind the display board, or at 
right-angles to it, or completely remotely from 
it and connected to it by ribbon cable. The last 
choice is not relevant in a self-contained exter- 
nal source. 

The tuning knob may be mounted on either 
side of the display, the choice being governed 
simply by whether you are right or left-handed. 
The keypad should be mounted on the same 
side of the display as the tuning knob. Should 
you mount it on the opposite side of the dis- 
play, although it may give some appearance of 
better aesthetic balance, you are courting an 
ergonomic disaster. Visual feedback of your 
key presses is given via the display and status 
LEDs, and your forearm will inevitably ob- 
scure the view. 

In the photograph, you will note that my 
keypad is mounted contrary to these recom- 
mendations. This is a layout peculiar to my 
requirements, since I am unusual in being 
mostly ambidextrous, preferring twisting mo- 
tions (eg screw drivers) with my right hand and 
pushing motions (eg sawing) with my left 
hand. In practice, I therefore use both hands, 
but most people would find this uncomfort- 
able. 

The second decision is whether to build the 
shaft encoder as an integral part ofand mounted 
on the DDS and display boards - or to split 


*44 Manor Park Avenue, Princes Risborough, Bucks HP27 9AS. 
E-mail pirhodes@aol.com 
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Front view of the ‘Pic ‘n’ Mix’. Note the fact that almost all of the copper remains present after the display 


PCB has been etched. 


them. The choice is yours and is governed 
mostly by where you are starting from. A 12in 
separation between the two presents no per- 
formance issues. If you want to take this ap- 
proach, simply cut both boards, separate them 
and reconnect them using four flying leads or 
some ribbon cable. The four leads are +5 V, 0V, 
Pulses and Direction. Obviously you could 
build them like this in the first place. 

The final consideration is the housing for a 
standalone unit. Those of us who have built so 
far have found no need for a screened enclo- 
sure, but it would obviously represent good 
practice. In any event, you will need to con- 
sider weighting or securing the box, since 
Newton’s Second Law applies when you press 
the keys - and the last thing you want is the box 
skidding around. 


DISPLAY BOARD MOUNTING 
THE DISPLAY BOARD mounts immediately 
behind the front panel. You will need an aper- 
ture of 3in x 3/4in to view the frequency 
readout. Having cut the aperture, you need to 
back the hole with some optical filter material 
which either corresponds to the colour of your 
display (typically red or green) or - and prefer- 
ably - is circularly polarised. The latter gives 
much superior performance in bright natural 
light, but for some reason has become expen- 
sive in recent years. 

Fig 5 is a suggested front panel template, 
which also shows how I have accommodated 
the status LEDs. 3mm holes are drilled for 
these, the LEDs are inserted in the board but 
not soldered. The front panel is mounted into 
position, and the LEDs adjusted in their holes 
for equal protrusion. They are then tacked and 
finally soldered to the display board when fully 
aligned. 


If, like me, you deprecate the idea of screw 
heads showing on the front panel, you will 
need to glue some nuts or threaded pillars to the 
back of the front panel to mount the display 
board. I find nut rivets ideal for this, since they 
have a large surface area which makes for 
strong and permanent adhesion using 
Superglue®. 


DDS BOARD MOUNTING 

FOR RIGHT ANGLE mounting, Fig 6 shows 
the configuration and for parallel mounting 
refer to Fig 7. To ensure full access during 
commissioning I would strongly recommend 
that you avoid the parallel mounting configu- 
ration to start with. If this is your target con- 
figuration, join the two boards with a short 
length of 0.1in pitch ribbon cable. This allows 
access to both sides of both boards for testing. 

If you are mounting the two boards at right 
angles in close proximity, then the best ap- 
proach is to permanently solder the two boards 
together as shown in Fig 6. Butt the two boards 
to form a small ‘T’ junction (not an *L’), tack 
them lightly together, check the angle and then 
run beads of solder along the full length of both 
sides to intimately join the ground planes. Join 
the edge connectors with a small solder bridge 
and test for shorts. 

A further advantage of taking this approach 
is that the display board need not be secured to 
the front panel. Mounting the DDS board to a 
horizontal base with the display ICs touching 
the rear of the optical filter provides effective 
location. 


MAKING THE PCBs 

IN MY ARTICLE on the Third Method Trans- 
ceiver [7], I described an approach to con- 
structing boards without etching which proved 
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Display board 6-lin x 2-75in 


3in x 0-75in display cut-out 


Fig 5: Drilling template for the front panel. The position of the tuning knob shown assumes you are mounting the shaft encoder on the display and DDS boards. 


It could be much further to the right, or on the opposite side of the display. 


very popular. It would be perfectly viable to 
use this technique for the display board in this 
project, but wholly inappropriate for the DDS 
board, so what follows is a technique I have 
used for many years for making one-off PCBs 
without the expense of UV exposure tech- 
niques. I must emphasise that this approach is 
viable only for one-offs and is hopeless if you 
need greater quantities. I would also be very 
surprised if these particular boards can be 
made using an etch-resist pen, since some of 
the tracking is very fine. 

The technique revolves around removal of 
material where you want to remove copper - 
rather than applying resist where you want to 
retain copper. 

The board ‘is firstly cut to size and then 
drilled. For any surface mounting areas, the 
board may be gently punched but not drilled. 
The idea is to give yourself guides to draw the 
artwork directly onto the board. 

With the board clean but not polished, it is 
sprayed both sides with an aerosol of car paint. 
Matt black is best for a contrast colour against 
the copper. It is important to put on a light 
enough coat to just cover it, but not to get any 
substantial build up of paint thickness. 

Then, only after the paint is truly dry, the 
paint is removed between the tracks using a 
scribing tool. You use the holes, punch marks 
and master artwork as a guide. You only need 
to remove a fine line of paint. In fact if you 
stand a few feet back from the finished board, 
it looks substantially like continuous copper. 
Note that if, for example, you have two parallel 
tracks, you would need three scribed lines to 
implement it. 

The technique takes a little getting used to, 
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but if you should make a mistake, simply 
repaint the affected area with a small brush and 
do it again - differently! 

There are some important tips:- 

@ = Tape the board down to a reasonable 
block of wood to stop it skidding around and to 
prevent scratching the paint on the reverse 
side. 

@ You can also use a square against the 
edge of the wood if you want posh lines - but 
the square needs to be transparent if you want 
to avoid frustration. 

@ Use apiece of Veroboard as a guide if 
you need to scribe edge connectors. 

@ Scribe the board at a good room tem- 
perature - certainly never cold. The heat from 
a desk light makes it even easier and helps 
prevent paint chipping. 

@® Finally, the scribing tool itself is im- 


Fig 6: The DDS board 
mounted at right angles 
to and integral with the 
display board. Also a 
suggested mounting 
method (notto scale) for 
the shaft encoder disc, 
infra red LED and 
detector. Note the long 
lead lengths ofthe latter, 
to give simple 
adjustment of the diode 
and detector positions 
relative to the disc. The 
disc needs to be 
mounted nearenoughto 
the display boardtoclear 
the crystal oscillator 
enclosure (to be 
described later). The rear 
bearing is mounted ona 
piece of PCB, soldered 
to the DDS board and/or 
the rear of the crystal 
oscillator enclosure. 


Disc 
mounting 
knob 


Rear 
bearing 


detector 


DDS board 
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portant. It needs to be pointed but not incred- 
ibly so. And it also wants to retain the point. I 
find the best tool is to take a masonry nail - 
which is hard steel - cut the head“6ff and grip 
it in a draughtsman’s clutch-pencil. Failing 
that, a long masonry nail through a cork is 
pretty comfortable. 

Sharpen the point with a rotate and drag 
motion on a piece of emery, and when you 
have got it as sharp as you can, blunt it ever so 
slightly on a piece of fine wet and dry. Try it on 
a piece of scrap, holding the scribe at about 
45°, and you should get a clean fine line. Resist 
gouging out the copper - you are only trying to 
remove paint! Repeat the sharpening process 
every 10 minutes or so. You will feel when it is 
not cutting the paint cleanly. By the way, for 
really fine work (you won’t need it here) a 
sewing needle is excellent, as is an old gramo- 


Acetate 


ye disc 


Display 
Flywheel 


knob 
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Bearings 


DDS board 


phone needle. 

When you have scribed both sides of the 
board and checked it meticulously, etch the 
board in the conventional manner with ferric 
chloride. You will find you will get through 
very little FeCl, because the total amount of 
copper removed is very small. Observe all the 
usual safety precautions. Keep the board and 
FeCl solution gently on the move all the time, 
to get an even etch, and have the courage to 
over-etch it slightly if anything. Make sure 
both sides are fully etched before removal. 

Wash the board thoroughly in cold water, 
inspect and etch further if necessary. Finally, 
wash the board with hot water and then clean 
off all the paint using cellulose thinners. A 
small paint brush helps to get the paint out of 
the holes, but being a good insulator, this is not 
critical. Polish the board with fine wet and dry 
(used wet) or a polishing block. 

Now for the important stage. Using a conti- 
nuity tester, check for isolation between each 
and every adjacent track. If you find any shorts 
that are obvious, clear them witha sharp blade. 
If they are not obvious, my practice (which I 
hesitate to publicise) is to connect two test 
probes to a car battery and then blow off the 
short. Be careful! 

The end result is an individual piece of 
craftsmanship - produced with no greater ef- 
fort or time than is needed to draw the artwork 
onto film in the first place. And it is home- 
brew! You end up with much more ground 
plane than is typical with other approaches - 
which can only be to the good. And there are no 
critical processes in the sense that you can see 
what is happening all the time and can avoid 
moving on until you have got it right. | com- 
mend it to you. 


AD9850 CHIP CARRIER 

CAUTION: ANALOG DEVICES recommend 
taking proper anti-static precautions when han- 
dling the AD9850. It would be folly to ignore 
this advice with a chip of such value. 

@ = Take a 28-pin, 0.6in wide turned-pin 
DIL socket and fit a piece of PCB, copper side 
up into the recess between the pins. It needs to 
be a snug fit. Most sockets have small mould- 
ing pimples adjacent to pins | and 14. These 
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'Fig 7: Alternative 
| mounting method (not 
| toscale), wherethe DDS 
| board is mounted 
_ parallel to the display 
| board on spacers (not 
_ shown). Asmalil hole is 
| drilledinthe DDS board 
' to pass the infra red, 
| and the rear bearings 
| are fitted to the DDS 
| board. The leads forthe 
detector pass through 
the board to the tracks, 
| which are cut to avoid 
interference with the 
- rear bearing. The detail 
will become apparent 
_ then the DDS board is 
| described. 


Display 


board 
a 


Tuning 
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should be removed with a sharp knife to allow 
the PCB to lie flat. 

@ When the PCB is the correct size for 
fitting, clean the copper surface and handle it 
only by the edges thereafter. 

@ Secure the PCB to the socket by sol- 
dering some tinned copper wires between 
pins | and 28 - and pins 14 and 15. Solder the 
wire to the PCB also. This secures the PCB in 
place on the socket and establishes an earth 
connection point on each corner. 

@ = Take the socket and secure it to some- 
thing heavy enough to allow you to work on it 
without it sliding around. I use a small block 
of wood with some 
anti-static foam 
stuck to it- and press 
the legs of the socket 
into the foam to se- 
cure it. 

@ Take the 
AD9850, turn it over 
and mark pin 1 on 
the underside with a 
dab of paint or simi- 
lar. This ensures that 
even when the chip 
is upside down, you 
are still sure which 
is pin 1, thus pre- 
venting you from 
connecting it up ro- 
tated by 180°. 

@ Place the 
chip centrally on the 
PCB at right angles 
to the socket be- 
tween pins 7, 8 and 
D225 

@ Mark the po- 
sition of the chip 
moulding under its 
pins - on the PCB, PCB 
using a sharp pencil. TOUnSLne 

@ Remove the 
chip. 

@® Tinthe PCB 
evenly in two strips 
about 4mm wide un- 
der where the chip 
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power plane 
+5V 
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pins will be - up to but not under the marked 
moulding position. This is to facilitate solder- 
ing the earthy pins of the chip later. 

@® Secure the chip upside down with a 
trace of Superglue® to the PCB. Make abso- 
lutely certain that pin | on the chip is in the 
same corner as pin | on the socket. Check it 
again! 

Please follow the rest of this process with- 
out creativity. The result is illustrated in Fig 8. 
[have hand mounted about 10 chips to optimise 
the process and carefully observed others 
deviate (on practice chips) and get it wrong. 
The source of error is always operating on the 
wrong pin. Although this may seem surpris- 
ing, when you have tried it yourself you will 
understand why. 

From now on, work only in full natural 
daylight. The idea is to work down one side of 
the chip, never taking your eyes off the job. 
Should you do so and have to start re-counting 
the pins, this has proved to be the single 
largest source of errors. 

You only get one chance to get it right, so 
you must get some help to dictate the follow- 
ing sequence to you - so you can stay focused 
on the job. 

The best tool for bending pins is a Stanley 
knife blade. Push on the end of the pin with the 
point of the blade in the required direction. 


PCB 
groundplane 


Copper foil 
power plane 
5 
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Fig 8: DDS Assembly. The DDS chip is mounted upside down (dead bug) on the 
PCB ground plane. A strip of copper foil provides a low impedance power 
plane. Not shown is a 1nF decoupling capacitor, connected between the 
ground and power planes adjacent to pin 1 on the chip. 
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Not far at this stage; just enough to be sure of the 
intended direction later. 

In this sequence, ‘down’ means bend the pin 
towards the PCB. ‘Up’ means bend it away from 
the board, approximately vertically upwards. 
‘Leave’ means do nothing. 


1 down 
down 

Sa eup 

4 up 

5 down 

6 up 

7 leave 

8 leave 

9 leave 

10 down 

11 up 

12 leave 

13 leave 

14 leave 


Now focus on infinity and walk around for 
several minutes before addressing the other side. 
15 leave 


16 leave 
17 leave 
18 up 

19 down 
20 leave 
21 leave 
22 down 
DE Us, 

24 down 
25 leave 
26 down 
27 down 
28 down 


That completes the tricky bit! 


Bend down pins | and 2 to within about Imm 
of the tinned surface and then solder them to the 
PCB. 

To solder the pins to the copper, the best 
technique is to place the iron on the board 
about 2mm back from the pin(s) and hold it 
there for a couple of seconds to heat the mass 
of the PCB. Then form a small blob of solder 
on the PCB and push it towards the pins. On 
contact, remove the iron almost immediately. 

Repeat this process for pins 19, 26-28, 10, 
22, 5 and 24 in that order. Make very sure you 
are operating on the correct legs. You can 
bend them up and down perhaps once before 
risking amputation, but it is not worth the risk. 

Obtain a small strip of copper foil. Copper 
or brass shim stock would suffice. In the worst 
case, a suitable strip can be removed from a 
piece of scrap PCB with a sharp knife or 
stripped from some foil braided coax. 

It needs to be long enough to solder to pins 
7 and 8 of the socket, pass over the chip and 
down the other side to solder to pins 21 and 22. 
The width needs to be the same as (or, if 
anything, a whisker more than) the chip mould- 
ing width. It can be trimmed to size and trial 
fitted for width with a pair of scissors. Excess 
length can be removed later. 

Fix the foil to the chip moulding using a 
trace of super glue. When set, bend the ends 
down, trim to length, and solder to the +5V 
pins on the DIL socket (7 and 8, 21 and 22), 
making sure that it does not touch the PCB 
ground plane. 

Bend up completely all the +5V pins on the 
chip, namely 3, 4, 6, 11, 18, 23 and then 
quickly solder each one to the foil. 


There now remains only to attach 7 signal 
pins and to ease the process, some pins are 
bent down a little to near horizontal and some 
up a few degrees. This gives more clearance 
to get the soldering iron in. Bend pins 8, 21, 25 
up a little and pins 7, 9, 12, 20 down a little. 

Trim the three resistors to size and solder 
down their earthy ends with the pin end just 
touching the end of the target pin, bending the 
resistors leads as necessary to get a touch on 
the end of the pins. Quickly solder the resis- 
tors to the pins. 

Take some enamelled copper wire, very 
thin but not critically so. Vero wire is ideal. 
Make off the end of the wire on the DIL socket 
end first and then trim the wire to length. With 
the end of the wire and the end of the pin both 
pre-tinned, and a clean tinned iron, solder the 
wire to the pin (and in one case, to the resistor 
lead). The best order is 7, 9, 25, 20, 8. 

Pins 13-17 are not connected. 


CORRECTION 


LAST MONTH (page 18, column 1), the 
required band noise at the mixer RF port was 
incorrectly given as 2mV. It should have read 
2uV. The difference is critical. 


YET TO COME 

FULL CIRCUIT diagrams, PCB layouts, how 
to make your own shaft encoder and full 
operating instructions. * 


REFERENCE 

[7] ‘Third-Method SSB HF Transceiver’ by 
Peter Rhodes, G3XJP, RadCom, June-Octo- 
ber 1996. | + 
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RADCOM, OCTOBER 1998 

The article by DF4ZS, translated by G4LQI, 
was of particular interest to me, as about 35 
years have elapsed since I first built an RF 
speech processor for exactly the same pur- 
pose. Operating portable with RF-processed 
equipment has provided greater interest than 
any other aspects of my 70 years in ham 
radio, with the demonstration of reliable 
antipodal communication using powers of 
one watt or less as its main feature. 

Sad to relate, RF speech processing is a 
technical minefield. Some 20 years have 
elapsed since I was one of those trying to 
find a way through it. So far as I know 
Walter Schreurer, K1YZW, is the only one 
to have fully succeeded, probably because 
after inventing the Comdel (the first RF 
processor to be marketed) he replaced it by 
the Vomax. This makes use of an entirely 
different principle, the audio band being 
divided into four, which are then separately 
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limited, filtered and recombined. Despite 
very favourable reviews, it is no longer 
available. The Plessey SL613 clipping IC 
which used to make RF processing much 
easier has also disappeared. 

I think it right for this topic to remain an 
open issue, but the hazards cannot be ig- 
nored. Venturing onto such dangerous 
ground without access to what is already 
known is, to put it mildly, ill advised. For 
those seeking further explanations and 
guidelines, the list below (though far from 
complete) should be helpful. 

1. J Daguet and K Gilabert, ‘La Parole a 
Niveau Constant dans Emitteurs a Bande 
Laterale Unique’, L ’Onde Electrique, May 
1961. 

2. P Marcou and J Daguet, ‘New Methods 
of Speech Transmission’, Information 
Theory (Third London Symposium), 
Butterworth Scientific Publications, Lon- 
don, 1956. 

3. EW Pappenfuss et al, ‘Single Sideband 


Principles and Circuits’, McGraw-Hill, NY, 
1961. 

4. Pat Hawker, ‘Technical Topics’, Radio 
Communication, January 1972. 

5. J Horwood, G3FRB, A Clipper and 
Filter for Transistorised SSB Exciters’,. 
Radio Communication, February 1972. 

6. G6OXN, ‘Performance of RF Speech 
Clippers’, Ham Radio, November 1972. 

7. Walter Schreurer, K1YZW, Speech 
Clipping in SSB Equipment’, Ham Radio, 
February 1971. 

8. Jim Fisk, Editor in Chief, “A review of 
SSB speech processing techniques and a 
look at the new approach’, Ham Radio, June 
1976. 

To end on a note of warning, simple clip- 
ping of the audio signal (though often sug- 
gested as a second best and suitable for DSB 
modulation) can be expected to generate 
large peaks when one sideband is sup- 
pressed. 

Les Moxon, G6XN 
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Part 3, by Peter Rhodes, BSc, G3XJP* 


PCB layout for the display board is de- 

scribed, together with some construction 
notes and the complete project components 
list. 


KEYPAD 

THE KEYPAD IS a low cost 4-row by 3- 
column switch matrix, designed for push-but- 
ton phones. The software polls the keypad 
periodically, looking for key presses. It does 
this by driving each row low in turn. For each 
row, it then tests each column, looking for a 
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Fig 9: Keypad overlay for reproduction, 47mm wide 
by 57.5mm high. 


low; and if one is found, the column/row inter- 
section defines which key is pressed. The key 
press is de-bounced in software, since the con- 
tacts rapidly make and break for up to Sms - and 
without this facility, the average key press 
would otherwise be interpreted as about 20 
successive identical key presses. 

The keypad needs an overlay to give a better 
feel of the alternative meaning of the keys in 
this application. Fig 9 may be copied at size 
and glued over the keys, the digits having been 
first cut out with a sharp knife. 

The keypad is connected to the display board 
via some 7-way ribbon cable. You needa cable 
routing which brings the top lead from the 
display board to the most right hand connector 
on the keypad. 

Fig 10 shows the best way to achieve this. 
The cable is routed across the front of the 


*44 Manor Park Avenue, Princes Risborough, Bucks HP27 9AS. 
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display board beneath the frequency 
display and LEDs. It then passes be- 
hind the keypad and somewhat be- | 
yond it. The cable is then folded back 
on itself - ie through 180° - and then 
folded downwards through 90°. It is 
then made off onto the seven right- 
most pads on the keypad. This 
process produces a neat cable 
run with the correct con- 
nections. 


DISPLAY BOARD 
DESCRIPTION 
REFERRING TO Fig 
11, the display ele- 
ment itselfcomprises 
three double-digit 7- 
segment common anode displays. They were 
chosen because they are large and make for 
comfortable viewing. Their segments are all 
wired in parallel. 

It is traditional to drive 16 character back-lit 
LCD displays in this sort of application. The 
cost would be comparable (for a one-off), 
power consumption noticeably less and the 
software complexity about the same, albeit 
totally different in nature. I preferred the LED 
approach, since I find the LCD character size 
just a little small for comfortable viewing. 

The display digits are multiplexed; that is, 
only one digit is lit at any one time, and all are 
lit in turn (rapidly and frequently) to provide 
flicker-free viewing. The software controls the 
multiplexing process and devotes as much 
time to repainting the display as circumstances 
permit. 

In operation, [C12 decodes RAO, 1, 2 to 
determine which one digit is being addressed 
- driving one of the PNP switches TRS- 
TRIO to handle the digit current. At the 
same time, IC11 decodes a BCD input on 
RBO, 1, 2, 3 to deter- 


Do not be tempted to 
substitute a different BCD to 7-segment 
decoder chip, since the software relies on 
the behaviour of the ’LS47 for BCD values 
greater than 9 to achieve leading zero sup- 
pression. 

Data is clocked into the latch IC13 as an 
8-bit serial word - and the outputs are up- 
dated by a latch pulse on RBS. These bits 
drive low current (2mA) LEDs (D4-D11) 
directly via current limiting resistors R41- 
R48. D4 and D5 are green LEDs, the others 
red. This gives a strong visual clue when 
you are operating ‘split’. 

The seven lines to the keypad are routed 
through the display board for convenience. 
They could equally be taken directly from 
the DDS board, provided some means is 
found to mount the series resistors R49-55. 
The resistors are there to prevent potential 
short-circuiting of the PIC I/O lines, in the 
event that two or more keys are pressed 
simultaneously. 


mine which seg- 
ments to light; and in 
addition RA3 is 
pulled low fora deci- 
mal point. By rush- 
ing round each digit 
in turn and by execut- 
ing the entire se- 


| Display board 
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quence often 
enough, the human 
eye sees a continu- 
ous 6-digit display. 


connected. 


Fig 10: Display board to keypad ribbon cable routing viewed from the front. Note 
that of the eight connectors on the keypad, the extreme left one is not 
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DISPLAY BOARD CONSTRUCTION 
THE PCB LAYOUT is shown in Fig 12. 
The rear tracking is somewhat complex 
around the display IC sockets. A perfectly 
acceptable but less purist approach would 
be to bring these pins and those of IC11 out 


Pic ‘n’ Mix Digital Injection System 


with simple changes to the PCB - or again, 
by using Vero wire. 

The status LEDs may be tacked onto the 
board but without shortening their leads for 
commissioning purposes. 

When inserting ICs or IC sockets onto the 


onto small pads and then hand wire all the 
segments to the 7-segment decoder using 
Vero wire. 

Other common anode devices, including 
single-digit ICs and those with pins on the 
vertical edges could easily be substituted 


+5V * 
C40 C41 
abe a 
© RB44 
RA0® 
+ RAI 


9,10 not 
connected 


* From DDS board 


Fig 11: Display board circuit diagram. Note that the segments of all the display ICs (8, 9, 10) are wired in parallel except for some decimal points which are never 


4,5 not 
connecied 
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used and which are not connected. The eight 3mm status LEDs, D4-D11, are soldered on the display board, but physically mounted in holes in the front panel. 
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Front view, showing component location and drilling template 


Fig 12: Display board PCB drawn for production as described in the text. The ground plane is not shown, since all of the board (both sides) is ground 
plane copper except where removed to let in the tracking. Holes on the front and rear track views shown as an ‘x’ are not soldered on that side of the 
board. They should be lightly countersunk. Holes shown as an ‘o’ are soldered to either the track or the ground plane. All holes are 0.7mm dia. The 
front panel LEDs (D4-D11) are not shown. They solder to the pad and ground plane pairs in a horizontal line about half way up the rear view. Nine 
short wire links are shown as red lines on the rear view. 
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COMPONENTS 


Resistors - all 1/8-1/4W, 5-10%, except R33 
RI; R9, REP R273 hi eetraectscesacassaneen shore 100R 


Capacitors 

TC1, TC2 2-22pF min film dielectric trimmer 
CT ini scacesecteeressetnorsrtrenteeetemtaee naan InF feedthrough 
C2, C4, C5, C11-14, C17, C18 . 1nF disc ceramic 
COEF ern pooner 10uF, 16V radial electrolytic 
22pF ceramic plate 
68pF ceramic plate 
C8, C9, C40, C41 ... 100F, 10V axial electrolytic 
C10, C16, C19-23, C34-39 ..... 10nF disc ceramic 


CISp....::. pees 470uF, 16V axial electrolytic 
C25... ceeiiteass, Mate ecernstee 3.3pF ceramic plate 
C265. .ccccstasveerartocsster meses 33pF ceramic plate 
(O74 Beers . 8.2pF ceramic plate 


.. [SpF ceramic plate 
.. 47pF ceramic plate 


C330... ee ee 100pF ceramic plate 
Semiconductors 

DL Bev ceaceterrescupeeerercagtesssarecscrsaze LD271 IR diode 
E)2 IDS... Bement ia eaicen dec npveceacose lees 1N4148 
D4, DS ....oereseess 3mm low current LED (green) 
D6-D11 .. 3mm low current LED (red) 
IC] Bicesns Rept Rootes ovis RE Pe RS 78L08 
LCD as cesaactipuee se hieataath so vanesivasveragisccge sas duepeaveetete 7805 
I@3 Ree 16C84-04/P or 16F84-04/P (in socket) 
1C4 AD9850BRS 


os Sccei catMmoes Wee reaper ameeasac ich <ceussacsesisiennys HLC2705 


TCGHIG TAC las 2 ae 4094 (no sockets) 
IC8-10 ... 2-digit common anode 7-segment LED, 
Maplin FAO1B (green) or BY66W (red) 


TOL eget faecnierensse 74LS47 (socket optional) 

WGI 2 ie. Gsapssaeteoaanoaseerenacverevere 74LS 138 (no socket) 

2N2222A 

raids ten diittaiPiststsoveessastake J310 

2N3866 with small heat sink 

re en BC108 

ease AER een nahh ca de ees oe eee ere BC327 

Dali daviecmapspramree «ct sade 5 turns 22 SWG on ‘Min dia, 

Yin long, tap 1 turn from earthy end 

| BI eee ees 5 turns 22 SWG on in dia, 

Yain long, centretap 

Bete eerctt ts) eassvacnsvadtoasesicen cases stotvs 1H axial choke 

LA shee Soon scenes ethepenbens 0.68H axial choke 

ph, eS ee 8 bifilar turns 32 SWG on FT37-43 
Miscellaneous 

2-sided PCB see text for dimensions 


Ax3 | Keyparll tien: cscnecasiccsccnsesies Maplin JM09K 
7-way 0.1in pitch ribbon cable for above 

1-off 32- pin DIL turned pin socket (0.6in) 

1-off 28-pin DIL turned pin socket (0.6in) 

Mount display ICs on above and cut off unused pins 
Display optical filter ... 3.5in x 1in approximately 
1-off 28-pin DIL turned pin socket (0.6in)for DDS 
assembly 

1-off 28-pin DIL turned pin socket (0.6in) to mount 
DDS assembly on mother board 

1-off 18-pin DIL turned pin socket 

(0.3in) for 16C84 

l-off 14-pin DIL turned pin socket (0.3in) for 
74LS47 (optional) 

Shaft encoder disc (see text) 

Knob to mount encoder disc, approximately lin 
skirt dia, drill right through 

Tuning knob, flywheel, shaft & bushes/bearings 
Your choice! 

18-way ribbon cable to Tx/Rx (optional) 

16-way inter-board ribbon cable (optional) 

12V DC input connector (optional) 

RF output connector (optional) 

18-way host connector (optional) 

D.aiMes. Seen ee approximately 110MHz (see text) 
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board with this form of PCB construction, 
insert them only far enough to give a useful 
tail on the back of the board. Specifically, 
avoid bridging tracks or earthing pins on 
the component side of the board via the 
shoulders on the pins. 


SUPPLIERS 

THE MAJORITY of the components were 
purchased from JAB Electronic Compo- 
nents, PO Box 5774, Great Barr, Birming- 
ham B44 8PJ. Tel 0121 682 7045. The 
significant exceptions are the keypad, IC8- 
10, D1, D4, D5, D6-D11 and TR1, which 
are available from Maplin. 

The PIC 16C84 (IC3) can also be ob- 
tained from Maplin at a one-off price of 
£8.90 - if you want to write your own soft- 
ware. I will be happy to supply the PIC 
ready programmed with the features de- 
scribed in this article, an acetate disc for the 
shaft encoder and a paper overlay for the 
keypad for £15, on receipt of an SAE. 

For bushes and bearings, much can be 
recovered from scrap potentiometers or vari- 
able capacitors. Failing that, model shops 
are a good source. 

The AD9850BRS DDS chip can be pur- 
chased through any Analog Devices dis- 
tributor who will sell small quantities. There 
may be a long lead time. The price will 
depend on delivery and paynfent methods. I 
used Kudos Thame Ltd..55 Suttons Busi- 
ness Park, Reading, Berks RG6 1AZ. Tel 
0118 935 1010. + 
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Pic ‘n’ Mix Digita 
Injection System 


Part 4, by Peter Rhodes, BSc, G3XJP* 


PCB layout is provided for the DDS board, 
together with some construction notes and 
details for building a shaft encoder. 


DDS BOARD DESCRIPTION 
REFERRING TO Fig 13, the functional blocks 
comprise a crystal oscillator (the reference clock) 
feeding the DDS assembly, followed by a low 
pass filter and buffer. There are two output 
latches and not least, the PIC which controls 
operations. 

On the input side, the PIC is monitoring the 
shaft encoder, the PTT line and the keypad. 

TR1 is aconventional crystal oscillator, fol- 
lowed by TR2, a common gate buffer. The 
crystal may be any value in the range 100- 
125MHz, the higher the better. The exact achieved 
frequency is trimmed into the software using the 
calibration process which will be described next 
month. 

The entire oscillator is surrounded by a PCB 
enclosure formed by the board, four sides anda 
top. The latter has braid hinges for access - and 
two holes drilled to allow adjustment of TC1 and 
TC2. R7 and R8 bias the AD9850 reference 
clock input to half rail. 

1C4, the AD9850, is operated in serial control 
mode. That is, a pulse stream of 32 data bits and 
8 control bits is clocked serially in on the D7 line 
by 40 corresponding clock pulses on W_CLK. 
That sequence is then actioned by pulsing FQ_ UD 
high. 

The resulting synthesised sine wave appears 
onthe complimentary current outputs IOUT and 
IOUTB, terminated by R9 and R10. R18 sets the 
on-chip DAC full scale output current in accord- 
ance with the manufacturer’s recommendations. 

C24-28 and L3, L4 form a 42MHz, 200Q 
elliptic low-pass filter, taken from the AD9850 
data sheet [4]. R11, R12 form an ‘L’ pad, to 
terminate the filter and to match into the base of 
the driver, TR3. This in turn delivers +7dBm into 
50Q. Itis important that Pic ‘n’ Mix feeds anon- 
reactive load of about 50Q, to ensure effective 
termination ofthe LPF. The injection portof, say, 
an SBL-1 mixeris ideal. Being double balanced 
it also reduces the AM noise floor. 

Data is clocked into the latches IC6 and IC7 
serially by asequence of 8 clock pulses followed 
bya latch pulse. Pulses for other purposes appear 
on the data and clock lines, but are effectively 
ignored since there is no following latch pulse. 
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These two latches, as well as 
IC13 onthe display board and the 
AD9850, are updated simultane- 
ously by pulsing RBS high - which 
is reserved exclusively for this 
purpose. 

The latch outputs are+5 V when 
true, so you may interface these 
with transistor switches etc to drive 
the band switches in your Tx/Rx, 
switch antennas, etc. 

The ‘broad band’ output goes 
true if the displayed frequency is 
not one of the explicitly specified 
ones. (To be precise, the 1OMHz 
and 1MHz digits are compared). I use this to 
switch in two relays which short-circuit my Rx 
front-end and remove all selectivity. This allows 
me to listen on any HF frequency. Obviously Rx 
performance is seriously compromised under 
these circumstances, but for the ability to listen 
to broadcast stations, frequency standards etc, 
the price is well worth paying. Equally, if your 
Rx does not havea front-end for an explicit band 
you could diode-OR the bit for that band with the 
broad band bit. 

1C3, the PIC, has been covered previously. Its 
hardware configuration is entirely conventional. 
The three lines shown as ‘Programmer interface’ 
together with R30.and R31 may be omitted if you 
never have any intention of programming the 
PIC in situ. 

D1 isacheap IR emitter, designed for remote 
control applications. ICS, the IR detector, is 
designed for computer mouse position encod- 
ing. It has the merit of producing decoded out- 
puts which are very easy (and fast) to handle in 
software. The ‘pulses’ output goes briefly low 
for every dark/light transition. This is used to 
interrupt the PIC, to handle the consequences. 
The ‘direction’ output is a steady level, which 
reflects the last direction of rotation. The soft- 
ware can therefore test this line at any time pretty 
well at leisure to determine tuning direction. This 
is far cheaper on program size than decoding the 
Gray code outputs produced by many commer- 
cial shaft encoders. 

TR4 isolates the host transceiver PTT line. 
The logic onthe PTT linecan be of either polarity, 
since the software assumes the initial level at 
switch-on corresponds to receive. This allows 
for your not connecting a PTT line if you are 
running an Rx only. But, ifrunning a Tx/Rx, this 
line must be connected since the software needs 
to know the T/R state in order to allow split 


operation; and for safety reasons, to cancel 
any scanning operations when appropriate. 


CONSTRUCTION NOTES 

THERE IS A PREFERRED order for building 
and commissioning the DDS board, to ensure 
access and progressive testing. The PCB layout 
is shown in Fig 14. 

Buildthe 1 10MHz crystal oscillator first. That 
is, all the components within the screening enclo- 
sure (but not the enclosure itself) and omitting for 
now Cl and C7. 

The oscillator components are all surface 
mounted on islands on the top copper plane. The 
leads must be cut as short as practicable, consist- 
ent with being able to get the soldering iron in. 
Mount the two coils L1 and L2 last. Fit the tap 
to Ll. 

Fit also C15, IC1 and C18, and insert a 
temporary jumper from the 8V top track to the 
junction of R1 and C2, to provide power to the 
oscillator. 

Loosely couple a GDO (as a passive detector) 
to L2 andset the GDO to your crystal frequency. 
Adjust TC1 for oscillation and peak TC2 for 
maximum output at the specified frequency. 
Repeat several times and check that the oscillator 
fires up from cold. 

Next, fit the inter-plane wire links (ie some old 
component leads), which are either under the 
PIC socket or between it and the edge connector. 

Fit IC2 and solder its tab to the board. Fit C8- 
C10, R23 and R33. This completes the +5V rail 
distribution. Check for shorts, apply 12V and 
verify +5V is available on the top track busbar 
under the shaft encoder detector - second track 
from the left. If itis getting this far, all the several 
crosses from top to bottom track are verified. 

Fit, in order, C29, C30, TR4, R22, R32, R26, 
RES D2: 
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Bottom view (non-component side) showing bottom track and soldering points 


Top view (component side) showing top track and soldering points 
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Top view showing component location and drilling templat 
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Tracks marked as OV 
connected to ground plane 


Logic interface to Tx/Rx 
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, Via hole in enclosure to top track. C1 is connected to track via short jumpers. IR detector/ 


14: DDS board PCB drawn for production using same conventions as Fig 12. All holes are 0.7mm dia except 3 leads from IC2 which are 1mm. Ref oscillator is 


screened by PCB enclosure. C7 uses its leads to connect from tap on L2 


diode and disc shown for mounting at 90° to display board. 
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Fig 


Check again the links under the PIC socket 
(IC3), your last chance, and fit the socket. Now 
fit R24, C13 and X2. 

Now surface mountall the components in the 
low-pass filter and buffer amplifier. Fit TR3 last 
and its heat sink last of all. 

Temporarily fit C7, one end to the top track 
shown, the other forming the centre tap on L2. 

Solder IC5 and D1 to the board without 
shortening their leads and adjust them so that 
they are about |cm apart. Fit the socket ready for 
the DDS assembly, but do not insert the assem- 
bly itself at this stage. Mount all other compo- 
nents except C1. Insert IC3 in its socket. 

Build the display board and link it to the DDS 
board. Check all the inter-board leads for any 
shorts to earth and for any shorts to any and every 
other such lead. 

Apply 12V and your display should initialise 
to 80m and the Rx=‘A’, Tx=‘A’ and LSB LEDs 
should light. This all verifies that the PIC is 
working - as well as the Display board. At this 
stage there is, of course, no actual RF output. 

A screwdriver passed between ICS and D1 
from left to right should produce a decrease in 
indicated frequency - and vice versa right to left. 

Wire up the keypad and check that all keys 
work - as well as the status LEDs. 

Verify +5 V onthe DDS assembly socket and 
check for any shorts or bridges on all connected 
pins. 

Finally, and only if everything else is work- 
ing, insert the DDS assembly, monitor for RF 
output from the board and apply power. Look for 
RF around 12-13MHz. 

Allbeing well, Key ‘83’ to give signal genera- 
tormode. The RF output should change to 80m 
and the status indicator LEDs should corre- 
spond. 

Fit the screened compartment around the 
110MHz oscillator, drilling holes for C1 and for 
one of C7’s leads to pass through. This compart- 
ment must be made from 2-sided fibreglass 
board, since both its screening and thermal 
conductivity properties are needed. Fit a top, 
drilling holes for adjustment of TC1 and TC2. 
Secure the top using some internal braid hinges. 

Re-peak TC] and TC2 for clean, stable output 
of some known frequency - and specifically 
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ensure the output is not at a multiple or sub 
multiple of that frequency. 

Fit the shaft encoder. Adjust its disc, ICS and 
D1 so that the disc runs just not touching ICS. 
The position of D1 is less critical (actually, none 
of it is very critical). It needs to be a about lem 
away from the disc. Note that in bright incident 
light, the shaft encoder will not work reliably and 
may produce no orapparently random pulses. It 
is easy - but less than useful - to end up with a 
device which produces an output frequency 
proportional to the number of passing clouds! 

Fit IC6 and IC7 last of all, since their 
operation is independent of the rest of the 
board. 

You do notneed the PTT line connected for 
testing purposes, but should do so before 


@©RrsGB RC2194 


Fig 15: 180 slot encoder disc, 51mm dia, for 
reproduction on acetate film. 


starting serious operational use. 

If there is evidence of multiplex noise in 
your receiver, fita 1000uF electrolytic from 
the junction of R33 and IC2 to earth. Multi- 
plex noise is characterised by disappearing 
completely in sleep mode [73]. 

If there are occasional musical notes, these 
may be reduced by fitting three further 
decoupling capacitors (as well as C14), one 
in each corner of the DDS assembly from the 
5V power plane to the ground plane. Use two 
10nF and a further InF, with the shortest 
leads possible. 


SHAFT ENCODER 

THE SHAFT ENCODER assembly comprises 
a tuning knob, a length of shafting, some bear- 
ings, a flywheel and an encoder disc. You will 
alsoneed some means of taking out any end-float 
onthe shaft. I was fortunate in that Jack, G3 XKF, 
turned up some beautiful brass fittings for me. 
Don’t skimp on the mechanics here as the ‘feel’ 
of the tuning knob is important to pleasurable 
operation. At the very least, the assembly must 
spin freely with no binding. 

I borrowed a flywheel from an old cassette 
recorder and drilled it out to take the shaft. 
Because of the software flywheel, you don’t 
need much physical mass here, but some inertia 
is needed to smooth the turning rate. A heavy 
tuning knob may be sufficient. Mine is loaded 
with lead caps off wine bottles, thereby doubling 
the pleasure. While on the subject of tuning 
knobs, one witha finger hole ora turning (tram) 
handle is best. 

The software has been tuned for an encoder 
disc with 180 spokes. Since the detector emits a 
pulse for every dark/light transition, this gives a 
natural tuning rate of 360x10Hz = 3.6kHz per 
rev, arate which is speeded up or slowed down 
by the software as appropriate. 

Fig 15 shows the disc I used, which may be 
reproduced at size onto acetate film (by your local 
copy shop). Ensure the ‘spokes’ reproduce black 
with as much contrast to the ‘slots’ as possible. 
Glue it carefully onto an old knob with the toner 
side away from the detector to avoid scratching. 
Drill the knob right through first and ensure the 
disc is properly centred by spinning it (slowly!) 
ona shaft before the glue has fully set. 

Long parallel tracks are provided onthe DDS 
board, to give flexibility in mounting position. 
The actual configuration will depend on whether 
the DDS board is mounted parallel to or at right 
angles to the display board. 


NEXT MONTH 
THE FEATURE CONCLUDES with the cali- 
bration process and details of user operation. 


REFERENCE 
[4] ‘CMOS, 125MHz complete DDS 
Synthesiser’, Analog Devices, Rev 0. + 
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Final part, by Peter Rhodes, BSc, G3XJP* 


for calibration is covered. Suggestions 
for operational use are also offered, to- 
gether with a complete definition of the keypad 
sequences and the resulting system behaviour. 


CALIBRATION 

BECAUSE THE software has been explicitly 
written to handle a range of different refer- 
ence oscillator crystal frequencies and the use 
of any IF in the HF range (including 0kH_z, for 
direct conversion) there is a calibration proc- 
ess which stores the details of your installa- 
tion in long term memory. 

You will need to follow this process on 
first use, any time you change your Tx/Rx 
installation and then periodically thereafter to 
compensate for any crystal ageing. 

There are two separate procedures, namely 
first calibrating the reference oscillator, and 
then calibrating up to three IF offsets (USB, 
LSB, CW). They are both conducted with the 
synthesiser connected to its mixer in the target 
Tx/Rx and with everything warmed up and with 
areasonable ambient room temperature. 

On first use, the general idea is to get the 
calibration roughly right (ie within a few 
kHz) against any crude definition of fre- 
quency available to you, and then to get it as 
good as you can against some known (and 
typically off-air) standard. 


[: THIS CONCLUDING part, the process 


A WORD OF CAUTION 

Any time you enter one of the calibration 
modes (by pressing the ‘Cal’ key) you must 
explicitly exit calibration mode before resum- 
ing normal use. There are only two ways to 
do this. One way is to save the calibration 
setting (931, 934, 937 or 933) and the other 
is to key ‘999’ fora complete restart. Use the 
latter if you are in any doubt. 


RSGB TECHNICAL COLLECTION 


REFERENCE OSCILLATOR 

This process gives best results when carried 
out at the highest possible frequency. In 
practice it is easiest to get it roughly right at 
some low frequency and finalise it against 
some HF standard such as WWV on 15MHz. 

On first use, the software is set fora 100 MHz 
reference oscillator. This is the lowest permit- 
ted frequency and was chosen to make for 
easy percentage arithmetic. For example, if 
you are using a 116MHz crystal, you will 
actually generate frequencies roughly 16% 
higher than that indicated. Roughly, because no 
two crystals oscillators will go off at the same 
frequency. 

You will need a separate AM receiver, 
tuned to a station of known frequency. As an 
aide to getting started, PIC ‘N’ MIX memory 
locations are pre-loaded with BBC World 
Service frequencies. These are not frequency 
standards, but can be found reliably through- 
out Europe on a simple domestic radio with a 
short-wave band and will provide basic cali- 
bration. Proceed as follows: 

@ Set the synthesiser to indicate the target 
calibration frequency. 

@ Key ‘83’, to enter signal generator mode. 
This mode ignores all IF offsets (and there- 
fore any offset calibration errors) and gener- 
ates the indicated frequency plus or minus 
only any calibration error. 

@ Locate the generated frequency on your 
AM receiver. You may need a small antenna 
attached to the synthesiser output. On first 
use it is worth calculating where the expected 
frequency will come out, as the error can be 
substantial (up to +20%). 

@ Key ‘83’ again, to exitsignal generator mode. 
@ Key ‘33’, to enter reference clock calibration 
mode. This is the same as signal generator mode, 
except that as you turn the tuning knob the 
displayed frequency remains fixed while the 
software reference oscillator trimmer is varied - 
thus altering the emitted frequency. 


@ Turn the tuning knob and check on the 
other receiver that you are moving in the right 
direction. Then keep turning until you get to 
the chosen calibration frequency. The tuning 
is very fine, so you will be turning for a long 
time if the error is large. 

® Zero beat with the frequency standard ini- 
tially and key ‘933’ [Save Cal Cal] to retain 
this coarse calibration. 

@ Now repeat and refine the calibration at the 
highest possible HF frequency against some 
known standard. 

Here is a little trick to help. Since tuning for 
zero beat can be a bit arbitrary, it is useful to 
set one VFO 200Hz above the calibration 
frequency and the other VFO 200Hz below it. 
When you hold down the A/B key, it will 
alternate between the two - and you can easily 
judge if the two beat notes are the same - to 
within a few Hz. Just take a second opinion, 
because a significant percentage of the popu- 
lation is tone deaf - and don’t know it! 

The same trick can be extrapolated to fine 
tuning IF offset calibration. 


IF OFFSET 

There is no point in doing this until the 
reference oscillator is immaculately calibrated. 
Or rather, any time you alter the reference 
oscillator calibration, you must repeat this 
offset calibration. 

This procedure lets the synthesiser know 
the exact frequencies of your IF offsets for 
LSB, USB and CW (if fitted). Remember to 
allow a modest time for crystal warm-up if 
you are switching between carrier crystals on 
the host. 

If you are using direct conversion, either 
ignore this procedure and simply use the 
synthesiser in signal generator mode - or 
follow this procedure but enter ‘0’ as the 
offsets. This applies equally if you are using 


* 44 Manor Park Avenue, Princes Risborough, Bucks HP27 9AS. 
E-mail pirhodes@aol.com 
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the PIC ‘N’ MIX as a QRP Tx. 

To make life easy on first use, the USB offset 
is loaded with 10.7MHz, the CW offset with 
9MHz and the LSB offset with 455kHz, as 
representing the three common choices. This 
may seem obtuse, as none of these is correct for 
anyone, but it does provide the quickest way to 
get it right for most. On first use only then, 
choose the IF that is nearest to yours and copy 
it across to the other two as follows: 

@ Key ‘3’ followed by ‘1’, ‘4’ or ‘7’, selecting 
your desired offset from the choice of three. 

@ Key ‘93’ followed by ‘1’, *4’ or ‘7’, thereby 
overwriting one unwanted offset. 

@ Repeat to overwrite the other offset. 

At this stage all the offsets are identical and 
at least in the right part of the spectrum. Now 
proceed as follows: 

@ Select your USB crystal on the Tx/Rx. This 
is the lower frequency of the two sideband 
crystals. 

@ Key ‘31’ [Cal USB] and turn the tuning 
knob to zero beat. At this point the frequency 
display will show your offset frequency. 
When happy, key ‘931’ [Save Cal USB] to 
save the result - and reboot the synthesiser. 

® Select your LSB crystal on the Tx/Rx. This 
is the higher frequency of the two sideband 
crystals. 

@ Key ‘37’ [Cal LSB] and turn the tuning 
knob to zero beat followed by ‘937’ [Save 
_Cal LSB] as above. 

@ Repeat the process for your CW crystal if 
you have one, otherwise leave it in the centre 
of the IF passband. 
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IF offsets are calibrated to 10Hz. Ifyou want 
to be fussy, you can actually trim the carrier 
crystals themselves by amaximum of 5Hz to get 
it exact. This will have absolutely no effect on IF 
performance. 

This completes the calibration process. 


OPERATIONAL USE 
IF YOU HAVE relied on a simple VFO up 
to now, then the range of features provided 
may seem daunting at first sight. There may 
indeed be some which turn out not to be useful 
in your particular operational circumstances. 
That’s OK; simply ignore them. My general 
advice is to try them all out to start with, while 
contemplating the circumstances under which 
you would use them. 

At the end of the day, you have 12 keys and 
a tuning knob and it doesn’t take long to 
become familiar with using them in the right 
order! 


KEYPAD SEQUENCES 
SUBSTANTIAL EFFORT has gone into the 
ergonomic design of the keypad sequences to 
make them easy and safe to use. A brief 
review of the design thinking will hopefully 
make them more memorable. The key se- 
quences are listed in Table 1 for easy refer- 
ence: 

All key sequences are executed immedi- 
ately. For visual confirmation, the key se- 
quence is displayed and held briefly on the 
frequency readout. Any invalid sequence sim- 
ply has no effect. 

Every attempt has been made to combine 
the key legends into crude, meaningful sen- 
tences. Obvious examples already discussed 
are Cal USB (enter USB calibrate mode) or 
Save Cal USB (save this frequency as USB 
calibration). 

A few critical operational functions are 
achieved with one key press. Most normal 
functions require two key presses, with the 
most commonly used functions being achieved 
with two presses of the same key. 

The key sequences also have an up/down 
directional theme. For example, USB is 


above CW on the keypad which in turn is 
above LSB. 

All sequences of three keys begin with the 
‘9’ key [Save]. This acts as a qualifier on the 
two key sequence which follows. For exam- 
ple, ‘10’ means go to 10m. Conversely, *910’ 
means save the present frequency as the 10m 
default. The word ‘save’ is always used here 
to mean retain even while powered off. 


AT SWITCH-ON 

THE SYSTEM WILL initialise to 3.7MHz 
until you change it. To store and retainanew 
switch-on frequency, first go to the desired 
frequency (by any means, see later) and enter 
‘990’ [Save, Save, Zero]. This will save the 
start-up frequency with full 10Hz resolution. 
The sideband in use at save time is not stored; 
and the system will initialise to the ‘normal’ 
one for that frequency. 


BAND SWITCHING 

TO CHANGE bands, key the first two digits of 
any one of nine bands in metres. (eg ‘80’ for 80m, 
‘10’ for 10m). The ‘non-exception’ is Top Band 
(alas, no longer Top) where you key *16’ as per 
the above rule. The synthesiser will immediately 
goto the initialisation frequency for that band and 
automatically select the ‘normal’ sideband. If 
fitted, the band switching and sideband selection 
outputs to the host will change automatically to 
correspond. * 

If you are on USB or LSB at band switch time, 
the new band will initialise to the ‘normal’ 
sideband for that frequency. If you are on CW, 
the new band will initialise on CW. 

To change the initialisation frequency for any 
band, first go to the desired frequency (by any 
means, see later) and enter ‘9’ [Save] followed 
by the 2-digit band sequence. This will save the 
frequency rounded down to the nearest 1kHz. 

In fact, you: may save any arbitrary fre- 
quency against each 2-digit band code. For 
example, if you never use some bands, you 
may save any useful frequency in their 2-digit 
allocations. And change them at will. 

Specifically, the sideband and band switch- 
ing outputs are computed from the 10MHz 


Ist key => 1 2 3 4 5 6 7 8 
2nd key : | USB Rate Cal CW Scan Mem LSB Freq 
0 9 10m 9 20m 9 30m 9 40m 9 Mem 0 Bar graph on tune | 9 80m 
1 Select USB 9 Cal USB offset | up [kHz 9 Mem | Hi side injection 
2 9 12m Tune rate mode 9 Mem 2 Broad band 
3 9 Cal ref clock 9 Mem 3 Sleep mode Sig gen mode 
4 9 Cal CW offset | Select CW 9 Mem 4 
5 9 15m Guard chan | 9 Mem 5 [ 
6 9 160m Flywheel disable Scan mems 9 Mem 6 
7 917m 9 Cal LSB offset | down 1kHz | 9Mem 7 Select LSB Lo side injection 
8 | | | Scan freq range 9Mem 8 Shift display Keypad freq entry 
9 9 Mem 9 
ba | Scan VFOs 


Table 1: Summary of 2-key entries. Note that the ergonomic beauty of the entries can only be visualised when looking at the keypad layout with overlay legends. 
Entries shown preceded with a ‘9’ save the current frequency in that location when the 2-key entry is preceded by the Save [9] key. Other combinations are ‘990’, 
which saves the power-on frequency, and ‘999’, which restarts the software. 
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MANAGING TWO VFOS 

BECAUSE THISIS the most useful and critical 
feature set, all functions are achieved immedi- 
ately with one key press. There are three of them 
on the bottom row of the keypad, from left to 
right: 


A/B 

Pronounced in full as ‘VFO A or VFO B’, this 
swaps between the two VFOs. Whichever one 
you are on, you will switch to the other. In fact, 
both the frequency and the mode associated with 
the VFO are swapped over. In this context, mode 
is the sideband (ie USB/LSB/CW), display reso- 
lution (10Hz or 100Hz) and injection either high 
or low side of the IF). Since the two VFOs may 
be onnearby or vastly different frequencies, this 
gives a full range of facilities from IRT or ITT 
through to cross-band capability. 


A=B 
Sets both VFOs to the same frequency and 
mode, namely the ones you are using at the 
moment of entry. This is how the system is 
initialised at power-on - with both VFOs the 
same. 

This key is used to establish a known situation 
before tuning around, should you want to be able 
to revert quickly to the original frequency (by 
pressing “A/B’) - or if you want to use split 
working for IRT, etc. 


SPLIT 

This toggles between split and pure transceive 
operation. The state of this setting is immediately 
apparent from the LED indicators. 

If you are operating ‘split’ then the Rx VFO 
LED will bea different colour (red/green) to the 
Tx VFO LED. Conversely, on pure transceive, 
they are the same colour. 

In any event, the frequency readout always 
applies to the current transmit/receive state. If 
you are on receive, the receive frequency is 
shown; on transmit, the transmit frequency. 


DISPLAY RESOLUTION 

BY DEFAULT, the 6-digit display starts with 
the most significant digit on the far left with no 
leading zero, and then fills the rest of the digits 
to the right. Decimal points are placed after the 
MHz and kHz digits. 

The consequence of this auto-ranging is that 
the right hand digit gives 10Hz resolution on 
frequencies below 10MHz and 100Hz resolu- 
tion above 10OMHz. 

If you want to suppress the 10Hz digit below 
10MHz or show it above 10MHz then key ‘78’ 
to toggle back and forth - per VFO. The whole 
display moves along in the appropriate direction, 
complete with decimal points and, ifnecessary, 
suppresses one leading zero. 


USB/LSB/CW 

THE ‘NORMAL’ sideband is selected auto- 
matically as a function of displayed frequency 
when you switch bands or go to a memory 


RSGB TECHNICAL COLLECTION 


frequency. Ifyou want to override this at any time 
or choose CW, press the USB, CW or LSB key 
respectively, twice. The front panel LEDs will 
confirm the change, the generated frequency will 
change; but of course the displayed frequency 
itself will not change. If you have not included 
the optional IF selection outputs to your host Tx/ 
Rx, you will have to select the appropriate offset 
there manually. 

The chosen offset is retained and associated 
with each VFO when swapping VFOs. 


NORMAL TUNING 

TUNING AROUND is achieved - self evi- 
dently - by turning the tuning knob. Clockwise 
to increase frequency, anti-clockwise to de- 
crease it. 

This simple statement belies a number of 
intelligent tuning algorithms which seek to es- 
tablish your intent and act to help. 

With the specified shaft encoder disk, the 
natural tuning rate is 3.6kHz per rev. This is a 
little fast for easy netting and far too slow for 
rapid frequency excursions. Accordingly, the 
software monitors how fast you are turning the 
knob - and for how long- and smoothly alters the 
tuning rate between the extremes of approxi- 
mately 1kHz per rev through to approximately 
50kHz per rev. 

If you want to monitor this effect, espe- 
cially while getting used to it, key ‘70’ to 
toggle on and off the LEDs as a bar-graph rate 
of tune indicator. 

At extreme turning rates (typically, a quick 
flick of the wrist) a software flywheel en- 
gages automatically and tuning continues in 
rapid 1kHz steps in the chosen direction with 
no further turning of the knob. All the LEDs 
light when the flywheel is engaged. 

The slightest turn of the knob in the oppo- 
site direction immediately cancels any out- 
standing frequency changes, resets the tun- 
ing rate to minimum and cancels the fly- 
wheel. 

Equally, any transmit/receive switching or 
any key press achieves the same effect in- 
stantly. 

Operation of the flywheel may be toggled 
between enabled and inhibited by keying 
‘26’. It is enabled at switch-on. 

Since the synthesiser is continuously tune- 
able over the whole range, you could, in 
theory get to any frequency by continuously 
turning the knob. 


This is realistic for modest excursions if the 
flywheel is engaged but in practice, large 
(>2MHz) excursions are best achieved using 
rate tuning or starting from the nearest band or 
memory frequency; or entering the frequency on 
the keypad. 

For this reason, and to maintain performance, 
the band switch outputs to the host are not re- 
computed in normal tuning mode unless the 
flywheel is engaged. Should you find yourself 
tuning slowly across a band-edge boundary and 
want to update the switching outputs, simply 
force this by selecting (or re-selecting) the de- 
sired sideband. 


UP AND DOWN 1kKHz 
IF YOU WANT to quickly tune to the nearest 
kHz point, key ‘47’ to round the frequency 
down to the nearest kHz - or key ‘41’ to round 
up to or move up by IkHz - or key ‘41’ to 
round up to the nearest kHz. 


RATE TUNING 

IN THIS MODE the tuning knob controls not 
the frequency but rather the rate of change of 
frequency. Thus, the more you turn the knob 
clockwise, the faster the frequency will in- 
crease. The more you turn the knob anti- 
clockwise, the faster the frequency will de- 
crease, 

Any change of direction will freeze the 
frequency instantly. In this mode, the LEDs 
provide a bar-graph display to show tuning 
rate. 

To enter this mode, key ‘22’ [Rate Rate]. 
The kHz decimal point is pulsed to denote 
non-normal tuning. 

To exit, press any key or switch between 
transmit and receive. 

This mode is the best one to use for final 
adjustment of the shaft encoder. If the above 
behaviour is not both smooth and consistent, 
adjust the spacing of the emitter and detector 
from the disc and check that the emitter is 
pointing directly at the detector. 


KEYPAD FREQUENCY ENTRY 
ANY FREQUENCY may be entered from the 
keypad to the nearest kHz. To use this mode, 
key ‘88 [Freq Freq]. The frequency display 
will blank, showing only the MHz and kHz 
decimal points. 

At this point you must now enter five digits. 

This implies entering a leading zero for 
frequencies below 10MHz. For example, 
1.812MHz is entered as ‘01812’. Conversely, 
18.123MHz is enfered as ‘18123’ and 181kHz 
is entered as ‘00181’. Immediately the fifth digit 
is entered, the display auto-ranges, the output 
frequency is generated, the ‘normal’ sideband is 
selected, the front panel LEDs are updated as are 
the band select and sideband select outputs to 
the host. j 

If you make a mistake part way through, 
either key ‘*’ or ‘#’ to abort the sequence and 
start again. 
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MEMORY OPERATION 

TEN MEMORIES are provided, accessed from 
keys 60-69 [Mem 0 - Mem 9]. These may be 
visualised simply as quick jumps in frequency - 
much like band switching. Having switched to a 
memory frequency, tuning proceeds as normal 
from that frequency without altering the original 
stored frequency. 

To change the stored frequency, go to the 
desired new frequency by any means and key ‘9’ 
[Save] followed by the 2-digit memory code. For 
example, to store the current frequency inmemory 
location 5, key ‘Save Mem 5’. Memory locations 
are stored with full 10Hz resolution. 


SCANNING IN GENERAL 
THERE ARE several scanning modes which 
share the following features in common. 

Allare entered by a2-key sequence, the firstkey 
being *5S’ [Scan]. All are exited to normal tuning 
mode by pressing any key. Scanning stops imme- 
diately on transmit/receive switching. Ifscanning 
and operating ‘Split’, then the system reverts to 
pure transceive on any transmit/receive change. 
While any scan modeis engaged, the kHz decimal 
point is pulsed as a visual reminder. 

These scanning modes are useful not only for 
monitoring activity inanumber of different opera- 
tional situations, but are invaluable in adjusting 
band/high/low pass filters in signal generator 
mode. 


SPOT FREQUENCY SCANNING 
TOSWITCH continuously between two frequen- 
cies, firstplace one VFO oneach frequency. Then 
key “5*’ [Scan A/B]. Turn the tuning knob clock- 
wise to increase the switching delay and anti- 
clockwise to decrease it. The amount of delay is 
shown on the LED bargraph. 


MEMORY SCANNING 

TO CYCLE between the ten memory locations, 
key *56’ [Scan Mem]. Again, the tuning knob 
controls switching delay. 


RANGE SCANNING 


TO SCAN continuously across a range of fre- 
quencies, putone VFO at each end of therange and 
then key ‘58’ [Scan Freq]. You will then tune up 
from the low to the high limit - and repeat continu- 
ously. At switch time, the line to the ‘Rx A’ LED 
is pulsed briefly low and can be used to synchro- 
nise a scope, etc. The tuning knob now controls 
the frequency increments and hence the tuning 
speed - as shown on the bar graph. The display is 
dimmed in this mode, to improve performance. 


GUARD CHANNEL SCANNING 
TO MONITOR afixed frequency for activity - or 
lack of it- while tuning elsewhere, first tune to the 
fixed frequency (or guard channel). Then switch 
VFOs [A/B] and tune around (or even switch 
bands), leaving the other VFO on the guard 
channel. 

Obviously, youcan manually switch back and 
forth to the guard channel at any time [A/B], 
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but to do it automatically key ‘55’ [Scan Scan]. 
You may still tune on the main VFO, but 
approximately every 20 seconds the software 
will switch to the guard channel for about 1 
second and then switch back again. For per- 
formance reasons, the flywheel is disabled on 
the main VFO, but otherwise full normal tun- 
ing is available. 


SELECT BROAD BAND 

IF THE DISPLAYED frequency does not coin- 
cide with one of the nine HF amateur bands, the 
bandselection logic automatically selects the ‘broad 
band’ output. This is so that you have the choice 
of using some different front-end on your Rx. If 
you want to force this output, then key ‘72’ to 
toggle this output bit on and off. 


SIGNAL GENERATOR MODE 
IN SIGNAL generator mode, the displayed fre- 
quency is generated with no offsets. Key “83” to 
toggle signal generator mode on and off. The 
‘Sig Gen’ LED provides visual confirmation. 
You may tune, switch bands and scan while 
still in signal generator mode. The theoretical 
frequency range of the DDS chip and control 
logic is from audio to half the reference clock 
frequency. In practice, the LPF and buffer 
amplifier limit this response at both ends of the 
spectrum, so if you need the extremes, capaci- 
tively couple an output from the DDS sub- 
assembly output pin (pin 19). 


HI/LO SIDE INJECTION 
BY DEFAULT, the synthesiser 
generates hi-side injection. That 
is, wanted frequency plus inter- 
mediate frequency offset. If you 
have a high IF and are on one of 
the higher HF bands, the injec- 
tion frequency is getting close to the top limit 
for adequately suppressing unwanted bird- 
ies. You may force lo-side injection any 
time by keying ‘87’ or hi-side injection by 
keying ‘81’. This choice is retained with the 
VFO currently in use, so one option is to have 
both VFOs on the same frequency, but one 
each on hi/lo side injection. 

The sideband selection outputs are switched 
to correspond, so if all is set up and calibrated 
properly, you should hear no perceptible shift in 
net frequency. 

This feature is also useful if you have an 
asymmetric IF filter, since you may arrange to 
always use it on the same sideband. 

The facility is retained for flexibility, since it 
may be possible to use the synthesiser on 6m with 
lo-side injection into a high IF - or with HF 
transceivers using up-conversion architectures. 
Neither of these possibilities has been tried. 


SLEEP MODE 

THIS MODE was included in development to 
determine ifthe PIC and/orthe multiplexed display 
was coupling any noise into the DDS output. In 
Sleep mode, the PIC stops executing the program, 


so the displays and keypad are effectively 
switched off and the DDS continues to gener- 
ate the last commanded output. In my installa- 
tion there is no perceptible difference in noise 
on the DDS output at any frequency. 

The facility was retained because the substantial 
power saving may be useful in some environ- 
ments - and noise is an insidious beast, prone to 
appear unsolicited at any time. 

To enter Sleep mode key ‘73’. To exit Sleep 
mode, simply turn the tuning knob. 


CONCLUSIONS 
HOPEFULLY THIS article will have inspired 
you to upgrade a conventional injection sys- 
tem. My intention in writing it was to remove 
some of the mystique surrounding ‘comput- 
ers’, by showing their place in a real-world 
useful application. I look forward to reading 
about the fruits of your labours 
in the near future. 
Incidentally, please note 
that Fig 14 in the April issue 


was repro- 
duced slightly undersize. The di- 
mensions given were correct, the DDS board 
being the same size as the display board. 
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PSK3 1: A New 
Radio- Teletype Mode 


Part One, by Peter Martinez, G3PLX* 


1960s, and was instrumental in introduc- 

ing AmTOR to amateur radio at the end of 
the ’70s. This improved the reliability of the 
HF radio link and paved the way to further 
developments which have taken this side of the 
hobby more into data transfer, message han- 
dling, and computer linking, but further away 
from the rest of amateur radio which is based 
on two-way contacts between operators. 

There is now a gap opening up between the 
data transfer enthusiasts using the latest tech- 
niques and the two-way contact fans who are 
still using the traditional RTTY mode of the 
60s, although of course using keyboard and 
screen rather than teleprinter. There is scope 
for applying the new techniques now available 
to bring RTTY into the 21st century. 

This article discusses the specific needs of 
‘live QSO’ operating, as opposed to just trans- 
ferring chunks of error-free data, and describes 
the PSK31 mode which I have developed spe- 
cifically for live contacts, which is now be- 
coming popular using low-cost DSP kits, and 
which could become even cheaper as the art of 
using PC sound cards is developed by amateur 
radio enthusiasts. 


| HAVE BEEN active on RTTY since the 


WHAT IS NEEDED? 


I BELIEVE THAT it is the error-correcting 
process used in modern data modes which 
make them unsuitable for live contacts. I have 
identified several factors; the first revolves 
around the fact that all error-correcting sys- 
tems introduce a time-delay into the link. In the 
case of an ARQ link like AmTOR or PacTOR, 
there is a fixed transmission cycle of 450mS or 
1.25sec or more, which will delay any key- 
press by as much as one cycle-period, and by 
more if there are errors. With forward-error- 
correction systems there is also an inevitable 
delay, because the information is spread out 
over a period of time. In a live two-way con- 
tact, the delay is doubled at the point where the 
transmission is handed over. I believe that 
these delays make such systems unpleasant to 
use in a two way conversation. 

This is not so much a technical problem as a 
human one. Another factor in this category is 
concerned with the way that the quality of the 
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information content varies as the quality of the 
radio link varies. In an analogue transmission 
system such as SSB or CW, there is a linear 
relationship between the two. The operators 
are aware of this all the time and take account 
of it subconsciously: they change the speed 
and tone of voice instinctively, and even choose 
the topic of conversation to suit the conditions. 
In a digital mode the relationship between the 
signal-to-noise ratio on the air and the error- 
rate on the screen is not so smooth. The modern 
error-correcting digital modes are particularly 
bad at this, with copy being almost perfect 
while the SNR is above a certain level and 
stopping completely when the SNR drops be- 
low this level. The effect is of no consequence 
in an automatic mailbox forwarding link, but 
can badly inhibit the flow of a conversation. 

A third factor is a social one; with error- 
correcting modes you only get good copy when 
you are linked to one other station. The copy is 
decidedly worse when not linked, such as when 
calling CQ or listening to others. This makes it 
difficult ‘getting to know’ other people on the 
air, and there is a tendency to limit contacts to 
a few close friends or just mailboxes. 

These factors lead me to suggest that there is 
a case for a transmission system that is not 
based on the use of error-correcting codes, 
when the specific application is that of live 
contacts. The continued popularity of tradi- 


tional RTTY, using the start-stop system, is 
proof of this hypothesis: there is minimal delay 
(150mS), the flow of conversation is continu- 
ous, the error-rate is tolerable, and it is easy to 
listen-in and join-in. 


IMPROVING ON RTTY 


HOW, THEN, DO WE go about using modern 
techniques that were not available in the ’60s, 
to improve on traditional RTTY? First of all, 
since we are talking about live contacts, there 
is no need to discuss any system that transmits 
text any faster than can be typed by hand. 
Secondly, modern transceivers are far more 
stable in frequency than they were in the ’60s, 
so we should be able to use much narrower 
bandwidths than in those days. Thirdly digital 
processors are much more powerful than the 
rotating cams and levers of the mechanical 
teleprinter, so we could use better coding. The 
drift-tolerant technique of frequency-shift key- 
ing, and the fixed-length five-unit start-stop 
code still used today for RTTY are a legacy of 
the limitations of technology 30 years ago. We 
can do better now. 


PSK31 ALPHABET 


THE METHOD I have devised for using mod- 
ern digital processing to improve on the start- 
stop code, without introducing extra delays 


ASCII 


Mark 


Ta | 


Space 


RTTY Mark 


MORSE: (tks 
Gap Gap Gap Gap 
VARICODE Reversal 
Gap Gap Gap Gap 
Carrier ©RSGB RCzZ003 


Fig 1: Showing the word ‘ten’ keyed in ASCII, RTTY, Morse, and Varicode. 
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due to the error-correcting or synchronisation 
processes, is based firmly on another tradition, 
namely that of Morse code. Because Morse 
uses short codes for the more common letters, 
it is actually very efficient in terms of the 
average duration of a character. In addition, if 
we think of it in terms that we normally use for 
digital modes, Morse code is self-synchronis- 
ing: we don’t need to use a separate process to 
tell us where one character ends and the next 
begins. This means that Morse code doesn’t 
suffer from the ‘error-cascade’ problem that 
results in the start-stop method getting badly 
out of step ifa start or stop-bit is corrupted. This 
is because the pattern used to code a gap 
between two characters never occurs inside a 
character. 

The code I have devised is therefore a logi- 
cal extension of Morse code, using not just 
one-bit or three-bit code-elements (dots and 
dashes), but any length. The letter-gap can also 
be shortened to two bits. If we represent key-up 
by 0 and key-down by 1, then the shortest code 
isa single one by itself. The nextis 11, then 101 
and 111, then 1011, 1101, 1111, but not 1001 
since we must not have two or more consecu- 
tive zeros inside a code. A few minutes with 
pencil and paper will generate more. We can do 
the 128-character ASCII set with 10 bits. 

I analysed lots of English language text to 
find out how common were each of the ASCII 
characters, then allocated the shorter codes to 
the more common characters. The result is 
shown in Table 1 on page 16, and I call it the 
“Varicode’ alphabet. With English text, 
Varicode has an average code-length, includ- 
ing the ‘00’ letter-gap, of 6.5 bits per character. 
By simulating random bit errors and counting 
the number of corrupted characters, I find that 
Varicode is 50% better than start-stop code, 
thus verifying that its self-synchronising prop- 
erties are working well. 

The shortest code in Morse is the common- 
est letter ‘e’, but in Varicode the shortest code 
is allocated to the wordspace. When idle, the 
transmitter sends a continuous string of zeros. 
Fig 1 compares the coding of the same word in 
ASCII, RTTY, Morse, and Varicode. 


PSK31 MODULATION AND 
DEMODULATION 


TO TRANSMIT VARICODE at a reasonable 
typing speed of about 50 words per minute 
needs a bit-rate of about 32 per sec. I have 
chosen 31.25, because it can be easily derived 
from the 8kHz sample-rate used in many DSP 
systems. In theory we only need a bandwidth of 
31.25Hz to send this as binary data, and the 
frequency stability that this implies can be 
achieved with modern radio equipment on HF. 

The method chosen was first used on the 
amateur bands, to my knowledge, by SP9VRC. 
Instead of frequency-shifting the carrier, which 
is wasteful of spectrum, or turning the carrier 
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on and off, 
which is waste- 
ful of transmit- 
ter power capa- 
bility, the “dots’ 
of the code are 
signalled by re- 
versing the po- 
larity of the car- 
rier. You can 
think of this as 
equivalent to 
transposing the 
wires to youran- 
tenna feeder. 
This uses the 
transmitted sig- 
nal more effi- 
ciently since we 
are comparing a 
positive signal 
before the re- 
versal to anega- 
tive signal after 
it, rather than 
comparing the signal present in the dot to no- 
signal in the gap. But if we keyed the transmit- 
ter in this way at 31.25 baud, it would generate 
terrible key clicks, so we need to filter it. 

If we take a string of dots in Morse code, and 
low-pass filter it to the theoretical minimum 
bandwidth, it will look the same as a carrier that 
is 100% amplitude-modulated by a sinewave 
at the dot-rate. The spectrum is a central carrier 
and two sidebands at 6dB down on either side. 
A signal that is sending continuous reversals, 
filtered to the minimum bandwidth, is equiva- 
lent to a double sideband suppressed carrier 
emission, that is, to two tones either side of a 
suppressed carrier. The improvement in the 
performance of this polarity-reversal keying 
over on-off keying is thus equivalent to the 
textbook improvement in changing from am- 
plitude modulation telephony with full carrier 
to double-sideband with suppressed carrier. I 
have called this technique ‘polarity-reversal 
keying’ so far, but everybody else calls it 
‘binary phase-shift keying’, or BPSK. Fig 2 
shows the envelope of BPSK modulation and 
the detail of the polarity reversal. 

To generate BPSK in its simplest form we 
could convert our datastream to levels of +1V 
for example, take it through a low-pass filter, 
and feed it into a balanced modulator into 
which we also feed the desired carrier fre- 
quency. When sending continuous reversals, 
this looks like a 1V peak-to-peak sinewave 
going into a DSB modulator, so the output is a 
pure two-tone. In practice, we use a standard 
SSB transceiver and perform the modulation at 
audio frequency, or carry out the equivalent 
process ina DSP chip. We could signal a logic 
zero by continuous carrier and signal a logic 
one by areversal, but I do it the other way round 
for reasons which will become clear shortly. 
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Fig 2: Showing the waveform of BPSK sending the Varicode ‘space’ symbol. 


There are a variety of ways to demodulate 
BPSK, but they all start with a bandpass filter. 
For the speed chosen for PSK31, this filter can 
be as narrow as 31.25Hz in theory, buta “brick- 
wall’ filter of precisely this wfdth would be 
costly, not only in monetary terms but in the 
delay time through the filter, and we are trying 
to avoid delays. A practical filter might be 
twice the baud-rate (62.5Hz) wide at the S0dB- 
down point, and have a delay-time of two bits 
(64mS). 

For the demodulation itself, since BPSK is 
equivalent to double sideband, the textbook 
method for demodulating DSB can be used, 
but another way is to delay the signal by one 
bit-period and compare it with the direct 
signal in a phase comparator. The output is 
negative when the signal reverses polarity, 
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modulator 
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AM 31-25Hz 
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Fig 3: Block diagram of analogue BPSK 
modulator (a) and demodulator (b). 
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ASCII Varicode 
1010101011 + 
1011011011 
1011101101 
1101110111 
1011101011 
1101011111 
1011101111 
1011111101 
1011111111 
11101111 
11101 
1101101111 
1011011101 
11111 
1101110101 
1110101011 
1011110111 
1011110101 
1110101101 
1110101111 
1101011011 
1101101011 
1101101101 
1101010111 
1101111011 
1101111101 
1110110111 
1101010101 
1101011101 
1110111011 
1011111011 
1101111111 
i 
111111111 
101011111 
111110101 
111011011 
1011010101 
1010111011 
101111111 
11111011 
11110111 
101101111 
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ASCII Varicode 
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Varicode 
110110101 
101011101 
101110101 
101111011 
1010101101 
111110111 
111101111 
111111011 
1010111111 
101101101 
1011011111 
1011 
1011111 


111011111 
1110101 
110101 
1010111 
110101111 
10110111 
10111101 
11101101 
11111111 
101110111 
101011011 
101101011 
110101101 
110101011 
110110111 
11110101 
110111101 
111101101 
1010101 
111010111 
1010101111 
1010111101 
1111101 
11101011 
10101101 
10110101 
1110111 
11011011 
11111101 
101010101 
1111111 
111111101 
101111101 
11010111 
10111011 
11011101 
10101011 
11010101 
111011101 
10101111 
1101111 
1101101 
101010111 


oo ro Ned od 


| 
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111101011 
10111111 


11011111 
1011101 
111010101 
1010110111 
110111011 
1010110101 
1011010111 
1110110101 
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Table 1: The Varicode alphabet. The codes are transmitted left bit first, with ‘0’ representing a phase 
reversal on BPSK and ‘1’ representing a steady carrier. A minimum of two zeros is inserted between 
characters. Some implementations may not handle all the codes below 32. 


and positive when it doesn’t. 

Although we could extract the information 
from the demodulated signal by measuring the 
lengths of the ‘dots’ and ‘dashes’, like we do by 
ear with Morse code, it will help to pick the data 
out of the noise if we know when to expect 
them. We can easily transmit the data at an 
accurately timed rate, so it should be possible 
to predict when to sample the demodulator 
output. This process is known as synchronous 
reception, although the term ‘coherent’ is some- 
times wrongly used. To synchronise the re- 
ceiver to the transmitter, we can use the fact 
that a BPSK signal has an amplitude-modula- 
tion component. Although the modulation var- 
ies with the data pattern, there is always a pure 
tone component in it at the baud-rate, and this 
can be extracted using a narrow filter or a 
phase-lock loop, or the DSP equivalent, and 
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fed to the decoder to sample the demodulated 
data. Fig 3 shows block diagrams of a typical 
BPSK modulator and demodulator. 

For the synchronisation to work we need to 
make sure there are no long gaps in the pattern 
of reversals. A completely steady carrier has 
no modulation, so we could never predict when 
the nextreversal was due. Fortunately, Varicode 
is just what we need, provided we choose the 
logic levels so that zero corresponds to a re- 
versal and one to a steady carrier. The idle 
signal of continuous zeros thus generates con- 
tinuous reversals, giving us a strong 31.25Hz 
modulation. Even with continuous keying there 
will always be two reversals in the gaps be- 
tween characters. The average number of re- 
versals will therefore be more than two in every 
6.5 bits, and there will never be more than 10 
bits with no reversal at all. If we make sure that 


the transmission always starts with an idle 
period, then the timing will pull into sync 
pretty quickly. By making the transmitter end 
a transmission with a ‘tail’ of unmodulated 
carrier, it is then possible to use the presence or 
absence of reversals to ‘squelch’ the decoder 
so that the screen doesn’t fill with noise when 
there is no signal. 


GETTING GOING 


SO MUCH FOR the philosophy and the theory, 
but how do you get on the air with this mode? 
At the moment, the route to getting on PSK31 
is to obtain one of several DSP starter kits. 
These are printed circuit cards, usually with a 
serial interface to a PC, marketed by DSP 
processor manufacturers at low cost to help 
engineers and students become familiar with 
DSP programming. A number of radio ama- 
teurs have started to write software for these, 
not just for RTTY but also for SSTV, packet, 
satellite, and digital voice experiments. They 
have audio input and output and some general 
purpose digital input/output. The construction 
work needed is limited to wiring up cables, 
building a power supply, and putting the card 
into a screened box. The DSP software is freely 
available, as is the software that runs in the PC 
to interface to the keyboard and screen, and can 
be obtained most easily via the Internet. It 
would certainly be possible to construct a 
PSK31 modem in hardware, although I know 
of no-one having done this yet, but probably 
the most promising hardware platform for the 
future will be the PC sound card. 


PSK31 OPERATING 


SINCE PSK31 performance is the same when 
calling, listening, or in contact, it’s easy to 
progress from listening to others, to calling 
CQ, to two-way contacts and multi-way nets, 
but the narrow bandwidth and good weak- 
signal performance do mean learning a few 
new tricks. It’s usual to leave the radio dial on 
one spot and fine-tune the audio frequency, 
listening through the narrow audio filter rather 
than the loudspeaker, and using an on-screen 
phase-shift display to centre the incoming sig- 
nal within a few Hz. On transmit, since the 
envelope of the PSK31 signal is not constant 
(as is the case for FSK), it is important to keep 
the transmitter linear throughout. However, 
since the PSK31 idle is identical to a standard 
two-tone test signal, it is easy to set up. The 
worst distortion products will be at +45Hz ata 
typical level of 36dB below PEP. 

In part two of this article I will describe how 
I was persuaded to go back and take a second 
look at error-correction and describe how 
PSK31 has been extended to improve its han- 
dling of languages other than English. + 


.. + to be continued 
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PSK3I1: A New 
Radio- Teletype Mode 


Concluding part, by Peter Martinez, G3PLX* 


ART ONE OF of this article discussed 
P the requirements for a live-contact key- 
board/screen communication system, 
and proposed the narrow-band PSK31 mode as 
a candidate for a modern equivalent to tradi- 
tional RTTY. This mode has now been in use 
on the HF bands by a small but growing band 
of enthusiasts for about two years. 
In this part I will describe two recent addi- 
tions to PSK31. 


A SECOND LOOK AT ERROR 
CORRECTION 

AFTER GETTING PSK31 going with BPSK 
modulation and the Varicode alphabet, several 
people urged me to add error correction to it in 
the belief that it would improve it still further. 
I resisted for the reasons that I gave in part 1, 
namely that the delays in transmission, the 
discontinuous traffic flow, and the inability to 
listen-in, all make error correction unattractive 
for live contacts. There is another reason. All 
error correcting systems works by adding re- 
dundant data bits. Suppose I devise an error 
correcting system that doubles the number of 
transmitted bits. If | wanted to keep the traffic 
throughput the same, I would need to double 
the bit rate. But with BPSK that means dou- 
bling the bandwidth, so I lose 3dB of 


comparison tests. The automatic repeat (ARQ) 
method of correcting errors was ruled out, but 
forward error correction (FEC) which was 
added to modes such as AMTOR and PacTOR 
almost as an afterthought seemed to deserve a 
second look, provided the transmission delay 
was not too long. 

I realised that comparing two systems with 
different bandwidths and speeds on the air 
would be difficult: adjacent channel interfer- 
ence would be different, as would the effects of 
multipath. There is, however, another way to 
double the information capacity of a BPSK 
channel without doubling it’s bandwidth and 
speed. By adding a second BPSK carrier at 90° 
at the transmitter and a second demodulator in 
the receiver, we can do the same trick that is 
used to transmit two colour-difference signals 
in PAL and NTSC television. I call this 
quadrature polarity reversal keying, but every- 
body else calls it quaternary phase shift keying 
or QPSK. 

There is a 3dB signal-to-noise penalty with 
QPSK, because we have to split the transmitter 
power equally between the two channels. This 
is the same penalty as doubling the bandwidth, 
so we are no worse off. QPSK is therefore ideal 
for my planned comparison experiment: the 


signal-to-noise ratio and get more 
errors. The error correction system 
will have to work twice as hard just 
to break even! It is no longer obvious 
that error correction wins. It is inter- 
esting to note that with FSK, where 
the bandwidth is already much wider 
than the information content, you 
can double the bit-rate without dou- 
bling the bandwidth, and error cor- 
rection does work. Computer simu- 
lation with BPSK in white noise 
shows that when the SNR is good, 
the error correction system does win, 
reducing the low error rate to very 
low levels, but at the SNR levels that 
are acceptable in live amateur con- 
tacts, it’s better to transmit the raw 
data slowly in the narrowest bandwidth. it also 
takes up less band space of course! 

However, there was the suggestion that er- 
ror correction could give useful results for 
bursts of noise which cannot be simulated on 
the bench, so I decided to try it and do some 
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900-0Hz 


on QPSK, because the envelope still has a 
modulation component at the bit-rate. 


QPSK AND THE 
CONVOLUTIONAL CODE 

THERE IS A vast amount of available knowl- 
edge about correcting errors in data which are 
organised in blocks of constant length such as 
ASCH codes, by transmitting longer blocks, 
but I know of nothing that covers error correc- 
tion of variable length blocks like Varicode. 
However, there are ways of reducing errors in 
continuous streams of data which have no 
block structure, and this seems a natural choice 
for a radio link, since the errors don’t have any 
block structure either. These are called convo- 
lutional codes, and one of the simplest forms 
does actually double the number of data bits 
and is therefore a natural choice for a QPSK 
channel carrying a variable length code. 

The convolutional encoder generates one of 
the four phase shifts, not from each data bit to 
be sent, but from a sequence of them. This 
means that each bit is effectively spread out in 
time, inter-twined with earlier and later bits in 
a precise way. The more we spread it out, the 
better will be the ability of the code to correct 
bursts of noise, but we must not go too far or we 

will introduce too much transmis- 


Centre = 1000-0Hz 


Fig 4: Showing the spectrum of the BPSK signal, idling and sending data, 
compared with an unmodulated carrier at the same signal level. 


adjacent channel interference, the SNR, and 
the multi-path performance would be exactly 
the same for both. ; 

In the next section I will think of QPSK not 
as two channels of binary data, but as a single- 
channel which can be switched to any of four 
90° phase-shift values. By the way, the clock 
recovery idea used for BPSK works just as well 
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sion delay. I chose a time spread of 
5 bits. The table that determines the 
phase shift for each pattern of 5 
successive bits is given in the ap- 
pendix. The logic behind this table 
will not be covered here. 

In the receiver, a device called a 
Viterbi decoder is used. This is not 
so much a decoder as a whole fam- 
ily of encoders playing a guessing 
game. Each one makes a different 
“guess” at what the last 5 transmit- 
ted data bits might have been. There 
are 32 different patterns of 5 bits © 
and thus 32 encoders. At each step 
the phase shift value predicted by 
the bit-pattern-guess from each en- 
coder is compared with the actual 
received phase shift value, and the 32 encoders 
are given ‘marks out of ten’ for accuracy. Just 
like in a knockout competition, the worst 16 
are eliminated and the best 16 go on to the next 
round, taking their previous scores with them. 
Each surviving encoder then gives birth to two 
children, one guessing that the next transmit- 
ted bit will be a zero and the other guessing that 
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Screenshot ofthe control panel of the PSK31 Windows program, with the tuning display showing a slightly 
noisy QPSK signal, and showing the fine-tuning controls of the receive and transmit audio tones. 


it will be a one. They all do their encoding to 
guess what the next phase-shift will be, and are 
given marks out of ten again which are added 
on to their earlier scores. The worst 16 encod- 
ers are killed-off again and the cycle repeats. 

It’s a bit like Darwin’s theory of evolution, 
and eventually all the descendants of the en- 
coders that made the right guesses earlier will 
be among the survivors and will all 


using the correct sideband - on BPSK it doesn’t 
matter. 


EXTENDING THE ALPHABET 


IN THE UK, our computer keyboards have a 
Pound sign above the figure 3, and many 
people will have noticed that they can’t reli- 
ably send Pound signs over Internet, for exam- 


carry the same ‘ancestral genes’. We 
therefore just keep a record of the 
family tree (the bit-guess sequence) 
of each survivor, and can trace back 
to find the transmitted bit-stream, al- 
though we have to wait at least 5 
generations (bit periods) before all 
survivors have the same great great 
grandmother (who guessed right five 
bits ago). The whole point is that 
because the scoring system is based 
on the running total, the decoder al- 
ways gives the most accurate guess, 
even if the received pattern is cor- 
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not be a good idea to transmit binary files this 
way! 


SUMMARISING 

THIS ARTICLE HAS tried to identify some of 
the characteristics of modern HF data-trans- 
mission modes that have contributed to the 
decline in ‘live QSO’ operation, unlike tradi- 
tional RTTY which is still widely used. By 
concentrating on the special nature of live- 
QSO operation, a new RTTY mode has been 
devised which uses modern DSP techniques 
and takes advantage of the frequency stability 
of today’s HF radios. The bandwidth is much 
narrower than any other telegraphy mode. Fig 
4 shows the spectrum occupied by 
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PSK31 and Fig 5 compares this to 
the bandwidth of standard FSK. 

At the time of writing (Nov 1998) 
PSK31 is available for the Texas 
TMS320CSODSK written by GOTJZ, 
the Analog Devices ADSP21061 
‘SHARC’ kit written by DL6IAK, 
and the Motorola DSP56002EVM 
written by myself. One or two peo- 
ple are making promising progress 
with sound cards, and there is scope 
for implementation of PSK31 with 
traditional hardware modulators and 
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rupted, although we might need to 
wait a bit longer than 5 bits for the 
best answer to become clear. In other words, 
the Viterbi decoder corrects errors. 

The longer we wait, the more accurate it is. 
I chose a decoder delay of 4 times the time 
spread, or 20 bits. We now have a 25 bit delay 
from one end to the other, (800mS), giving a 
round-trip delay to a two-way contact of 1.6 
seconds. I think this is about the limit before it 
becomes a nuisance. In any case, the decoder 
could change to trade performance for delay 
without incompatibility. 


QPSK ON THE AIR 

PSK31 OPERATORS find QPSK can be very 
good but is sometimes disappointing. In bench 
tests with white noise, it is actually worse than 
BPSK, confirming the simulation work men- 
tioned earlier, but in conditions of burst noise, 
improvements of up to 5 times in the character 
error-rate have been recorded. This perform- 
ance doesn’t come free, however. Apart from 
the transmission delay, which can be a bit off- 
putting, QPSK is twice as critical in tuning as 
BPSK. A QPSK signal will start to decode 
wrong when the phase shift is 45° out, and that 
will be the case when the tuning error is only 
3.9Hz. This could be a problem with some 
older radios. What tends to happen is that 
contacts start on BPSK and change to QPSK if 
it is worth doing and if there is no drift. There 
is one aspect of QPSK that has to be kept in 
mind - it is important for both stations to be 
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Fig 5: Comparison of PSK31 spectrum with 100 baud, 200Hz shift FSK. 


ple. This is because the Internet uses the 128- 
character ASCII alphabet, and the Pound sign 
is not part of that set but part of the ANSI 
character set which has an additional 128 char- 
acters and symbols. PSK31 as described so far 
is the same as Internet. It’s a small problem in 
the UK, but much more of a nuisance in other 
parts of the world where characters like the 
German umlauts, French accents, and Spanish 
tildes are also missing from the ASCII charac- 
ter set. Luckily, with PSK31, the Varicode 
alphabet is very easy to extend without creat- 
ing incompatibility with earlier versions. Since 
the Windows® operating system uses ANSI, 
and most PC programs are now written for 
Windows, I have recently extended the PSK3 1 
alphabet in a Windows version. 

In the basic PSK31, if there was no ‘00’ 
pattern received 10-bits after the last ‘00’, the 
decoder would simply ignore it as a corruption. 
If now I let the transmitter legally send codes 
longer than 10 bits, the standard decoder will 
just ignore them and the extended decoder can 
interpret them as extra characters. To get an- 
other 128 varicodes means adding more ten-bit 
codes, all the eleven-bit ones, and some twelve- 
bit codes. There seemed little reason to be 
clever with shorter common characters, so I 
chose to allocate them in numerical order, with 
code number 128 being 1110111101 and code 
number 255 being 101101011011. The vast 
majority of these will never be used. It would 


demodulators. The two tables con- 
tain sufficient information to define 
PSK31 for those that want to try it 
themselves. All the ready-to-run software and 
news of the latest developments and activity 
can be found on the PSK31 Internet web page 
at http://bipt106.bi.ehu.es/psk3 | .html 

Referring to Table 2, the left column con- 
tains the 32 combinations of a run of five 
Varicode bits, transmitted left bit first. The 
right column is the corresponding phase shift 
to be applied to the carrier, with 0 meaning no 
shift, 1 meaning advance by 90, 2 meaning 
polarity reversal and 3 meaning retard by 90. A 
signal that is advancing in phase continuously 
is higher in radio frequency than the carrier. 

As an example, the ‘space’ symbol, a single 
1 preceded and followed by zeros, would be 
represented by successive run-of-five groups 
00000, 00001, 00010, 00100, 01000, 10000, 
00000, which results in the transmitter sending 
Ihe|OPSKspattenm>, S.3, 0512. 

Note that a continuous sequence of zeros 
(the Varicode idle sequence) gives continuous 


reversals, the same as BPSK. ¢ 
00000 2 01000 0 10000 1 11000 3 
00001 1 01001 3 10001 2 11001 0 
00010 3 O1010 1 10010 0 11010 2 
00011 0 O1O11 2 10011 3 11011 1 
00100 3 01100 1 10100 0 11100 2 
00101 0 OL1OL 2 10101 3 11101 1 
OOLLO 2 01110 0 10110 1 11110 3 
OOL11 1 Oll11 3 10111 2 11111 0 


Table 2: The convolutional code. 
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Facelift Fora 
I3cm Station 


By Andy Robson, G4THI* 


FTER USING a dated low power 13cm 
Asser system at home for the last 
couple of years, I felt it was time to 
improve my system. Looking at all the options 


available, I decided it was an opportune time to 
build a new transverter. 


WHAT'S AVAILABLE? 

AFTER A LITTLE searching via the Internet, 
I found three popular, modern designs on the 
market from around the world. 

@ G3WDG’s design, available from The Mi- 
crowave Component Service [1]. 

@® WA8NLC’s design, available from Down 
East Microwave in the USA [2]. 

@ DBONT’s design, available from Eische 
Electronics in Germany [3]. 

Each design has its own advantages, but all 
things considered the design by DB6NT seemed 
to be the most complete unit. With 1 watt 
output, a receive noise level of about 1.5dB, a 
conversion gain of about 18dB and a fully 
integrated local oscillator all on one board, it 
seemed to be the best choice for myself. A 
quick phone call to Eische Electronics and a kit 
was on its way, arriving on my doorstep just a 
week later. 


CONSTRUCTION 

CHECKING OUT what arrived, I was pleas- 
antly surprised. The kit (block diagram shown 
in Fig 1) came complete with a PTFE board, all 
the components needed, SMA connectors, and 
tin plate box. The only down-side was the 
instructions and diagrams, which were in Ger- 
man. Yes, you guessed, I don’t speak German! 


The first part of the construction seemed 
straightforward; drilling then mounting the 
PTFE PCB board into the tin box. All went 
well until I started to solder the PTFE board 
into the tin box. I then discovered that a 40 watt 
iron wasn’t really big enough; but being the 
biggest iron available, I had to make do. The 
next logical step was to mount the filters, 
resistors and capacitors, most of which are 
surface mounted. Most of the surface mounted 
devices sizes are about 3mm x 2mm, so you 
need good eyesight and steady hands. 

Mounting surface mounted devices got easier 
as I improved my technique. The most effec- 
tive way for me was to tin one of the pads that 
the surface mounted component was to be 
mounted onto, then - while holding the compo- 
nent in place with a small engineering screw- 
driver - apply heat to the pad and SMD. This 


‘will then hold the SMD in place while you 


solder the device to the other pad. Finally, re- 
solder the device at the tinned pad which was 
holding it in place. Caution needs to be taken 
not to heat the devices excessively, as they can 
be damaged. 

Next, all the active devices where mounted, 
taking anti static precautions by earthing the 
soldering iron, the PCB and myself. I believe 
the devices in this design are quite robust, but 
the phrase ‘better safe then sorry’ comes to 
mind. The output and driver GaAsFETs need 
to be soldered to the tin box to help dissipate 
any heat. Great care needs to be taken doing 
this, as it is also the device’s earthing point and 
if not well earthed the devices may not achieve 
the rated | watt output at 13cm. 
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Fig 1: Block diagram of the DB6NT transverter. Extensive use of monolithic amplifiers keeps the 


component count down. 
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ALIGNMENT & TEST 

ALIGNING THE transverter went surprisingly 
well. After applying power and checking that 
the supply voltages where OK, all the GaAsFET 
bias levels were adjusted via the variable resis- 
tors, setting the drain voltages as per the circuit 
diagram. The local oscillator and the frequency 
multipliers burst into life. Very little adjust- 
ment was needed, due to the use of modern, 
helical filters. Applying a 144MHz signal from 
an FT290R, the output of the transverter was 
monitored with a power meter and the transmit 
stages where adjusted for ma*imum RF out- 
put. This took only a few minutes. The receiver 
was then tuned to a local beacon on 13cm 
(local being 60km away) and the transverter’s 
helical filters tuned for the strongest beacon 
signal. The whole process of tuning-up took 
about half an hour. The straightforward align- 
ment was made possible only because of the 
extensive use of helical filters and monolithic 
amplifiers in the design. 


A LITTLE EXTRA HELP 
TO COMPLIMENT the transverter, a power 
amplifier kit by DK2DB was also purchased 
from Eische Electronics. This is a no tune 
design, based on two parallel MFG0905 
GaAsFETs, and provides a useful on-board 
directional coupler for use as a power indica- 
tor. The specification is 8.5dB gain and up to 
10W output. The kit was comprehensive, sup- 
plying all that’s needed to complete the project. 
To obtain a health check on the whole sys- 
tem it was examined by Peter, G6PHJ, of 
LMW Electronics [4]. The transverter met 
most expectations, but only achieved a maxi- 
mum 800mW output. The amplifier performed 
below what I believed to be an over optimistic 
specification anyway. With 750mW drive we 
achieved 4W output. This is around 7dB gain. 
We tried to improve on this by altering its 
tuning with extra copper foil on its hybrid 
couplers, but 4W was the best we could achieve. 
All things considered I wasn’t too worried, as 


*27 Gray Fallow, The Chine, South Normanton, Alfreton DES5 3BQ. 
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4W on 13cm is a reasonable power level to 
work almost all active stations I could hear. 


ON THE AIR 

IN USE, THE two units have been exemplary. 
From the initial power up they drift about 
2kHz, then after a 10 minute warm-up no 
noticeable drift has been seen during intermit- 
tent use. Using a 25-ele yagi under flat condi- 
tions, multiple contacts from 50 to 200km have 
been achieved. I’m now looking forward to a 
nice opening, to see what I can really achieve 


from a location that isn’t that good 

when it comes to microwave op- 
erations. This shows what can be 
achieved by the average amateur, without the 
hassle of hilltop portable operation. 

The whole project fitted into a large die cast 
box (including RF switching, using a small 
SMA relay and a power indication meter). 
Looking at the project as a whole, I believe that 
an experienced amateur constructor should be 
able to build and align it with just a little effort. 
The kits come complete and have a profes- 
sional feel to them. In fact I’ve been so im- 
pressed with this range that I’ve now acquired 
a DB6NT 10GHz kit to get myself onto 3cm 
from home. For anyone wanting to launch 


Facelift For a 13cm Station 


Far Left: Compon- 
ent side of the 
DB6ENT 13cm 
transverter’s PCB. 
Left: The DK2DB 
13cm amplifier kit, 
which produced 4 
watts output. 


themselves onto 
the microwave 
bands I would rec- 
ommend all the 
DBONT kits. 
They would make 
the basis for a good microwave system, with 
just the addition of a good aerial. 


REFERENCES 

1. Microwave Committee Component Serv- 
ice, 314A Newton Road, Rushden, 
Northants NN10 OSY. Tel: 01933 411446. 

2. Down East Microwave Inc. 954 Route 519 
Frenchtown, NJ 08825 USA. Tel: 00 1 908 
996 3584. 

3. Eische Electronics, Abt-Ulrich Strasse, 16 
D-89079 Ulm, Germany. Tel: 00 49 7305 
23208. 

4. LMW Electronics Ltd. Leeside, Merrylees 
Ind Est, Desford, Leicester LE9 9FS. Tel: 
01530 231141. 2 
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Electrically Tuned 
Six Band HF Beam 


By Tony Preedy, C.Eng. FIEE, G3LNP* 


element 20m Yagi antenna can be modi 

fied to operate on six amateur bands at 
considerably less cost and with better perform- 
ance than can be obtained from many conven- 
tional trapped multiband antennas. This is 
achievable without increasing the wind load- 
ing and by using readily available compo- 
nents. To an observer on the ground, the an- 
tenna described below appears to still be a 
close spaced monoband beam. 


S TANDARD, commercially made three 


PARASITIC ELEMENTS 
THE TWO PARASITIC elements are each set 
to normal lengths for 14MHz operation. They 
are otherwise modified by being insulated at 
their centres using standard components iden- 
tical to those supplied for the driven element. 
Inexpensive relays mounted inside each end 
of the boom are used to either short out the 
insulation on 14MHz or select the appropriate 
reactance required to tune the director and 
reflector elements for optimum F/B perform- 


ance on bands other than 14MHz. 
Overall element lengths are: 
@ Driven: 10.36m (34.0ft) (not critical) 


@ = Reflector: 11.128m (36ft 6in) 
@ Director: 9.96m (32ft 8in) 
PERFORMANCE 


CALCULATIONS using ELNEC for the di- 
mensions above when the parasitic elements 
are electrically tuned at their centres on each 
band shows the gain at 20m height to be: 


DRIVEN ELEMENT 
THE DRIVEN element is 
unmodified and conse- 
quently non-resonant, ex- 
cept at 14MHz, and may 
for simplicity be driven via 
open feeder with a balanced 
tuner local to the radio. Al- 
ternatively, a short low-loss 
coaxial feeder may be ac- 
commodated if a wideband 
balun such as the MFJ 912 
is mounted at the antenna 
and again a tuner is used 
near the radio. My own an- 
tenna uses a remote bal- 
anced tuner mounted on the 
boom, because the coaxial 
feeder is quite long and 
would otherwise contribute 
too much attenuation. An- 
other alternative may be to 
use one of the automatic 
tuners, intended for driving 
random wire antennas, to- 
gether with a balun, as a 
remote tuner for this an- 
tenna. 

On 10MHz only the 
driven elementis active, be- 
cause spacing of the ele- 
ments is too close for effi- 
cient Yagi operation. 

The antenna may also 
work on 7MHz as a rotary 
dipole ifusing a good qual- 
ity open feeder and tuner, 
although the voltage rating 
of the centre insulation may 
impose a power limitation 
on this band. 
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Fig 1: Physical layout of the band switching chassis, which accommodate the relays 
‘steering’ diodes and delay line cables. Two such assemblies are required, one for the 
director and one for the reflector. 
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Flex wire - 


12 holes 3mm dia 
for relay, handle 
——_ and tag fixing 


Note: 
For clarity the control 
wiring is not shown 


10.125MHz:7dBi 
14.2MHz: 12.5dBi 
18.14MHz: 13.5dBi 
21.2MHz: 13.8dBi 
24.95MHz: 14.7dBi 
28.5MHz: 15.5dBi 


This clearly illustrates the 
advantage oftelectrical tuning 
of fixed length elements over 
the more conventional 3 ele- 
ment trapped antenna, achiey- 
ing typically 12dBi gain, in 
which tuning is a function of 
element dimensions. 

Although these figures 
could not be confirmed by 
measurement after building 
the antenna, the F/B ratio and 
3dB beamwidth were checked 
on a crude test range with the 
following results: 


14.2MHz: 40dB/65° 
18.14MHz: 38dB/55° 
21.2MHz: 31dB/50° 
24.95MHz: 24dB/48° 
28.5MHz: 11dB/40° 


These show the expected 
fall in F/B at higher frequen- 
cies, due to wider than opti- 
mum spacing. The narrower 
beamwidth confirms the ten- 
dency towards extra gain with 
increased frequency. In fact, 
on 28MHz, there are six full 
size elements, resulting in an 
impressively narrow beam. 

This antenna has now been 
in use, with a linear amplifier, 
for nearly two years without 
any problems. 


’ 
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Electrically Tuned 6-band HF Beam 


DESIGN 

THE TELEX/HY-GAIN [1] 203BAs 20m 3 
element Yagi antenna was chosen because it is 
relatively compact, about the same weight and 
boom length as a tri-band three element beam. 
Also, the mechanical construction allows the 
parasitic elements to be insulated at their cen- 
tres using standard components, without com- 
promising survival capability. 

By using a commercial hardware package 
we may pay more than for a DIY design, but 
can be reasonably confident of both repeatable 
results and availability of spare parts. 

On 18MHz the insulator arrangement, to- 
gether with stray capacitance associated with 
the relays, presents the correct reactance to 
tune the parasitic elements. On the. higher 
bands 21, 24 and 28MHz, extra reactance must 
be connected across the insulator to obtain 
correct tuning. 

I used ‘Microsmith’ software to calculate 
the lengths of coaxial cable forming the 
inductors, necessary to give the total tuning 
reactance required to achieve the ELNEC gain 
figures on each band. Because I could not be 
sure of the effect ofinsulator capacitance (taken 
as 25pF), I made the cables longer than re- 


Band Calculatedlength(m) Final length (m) 
(MHz) Ref. Dir. Ref. Dir. 
21 43 43 4.57 3.86 
24 2.4 2.4 2.49 2.058 
28 - Pale Zul 1.473 1.067 


Table 1: Tuning cable lengths. 


quired and spent several days adjusting them 
for best F/B on each band. 

The tuning inductors for the director and 
reflector elements are formed from loops of 
lightweight URM 202 75Q2 TV downlead, con- 
cealed along with the band switching relays 
inside the boom. The tuning cable can be either 
foam or cellular dielectric type, with a nominal 
velocity factor of 0.86. 

The arrangement chosen relies on the bal- 


Completed band switching chassis, withdrawn from the antenna's boom. 


anced antenna insulator to form a virtual ground 
halfway round the loop. This divides the rela- 
tively high RF voltage between the two poles 
of the relays. I tried using two separate cables, 
binocular fashion, in an attempt to form a static 
ground return, but this appeared to cause an 
imbalance of current in each half element, with 
the result that the radiation pattern was slewed, 
particularly on 28MHz. The final arrange- 
ment, with only a single cable, 


tance is not repeated, because of perhaps di- 
electric or clamp fitting tolerances, the tuning 
cable lengths could require adjustment to 
optimise the F/B ratio. As the cable is rela- 
tively inexpensive I recommend trying my 
lengths first and only adjusting if the F/B ratio 
is unsatisfactory. 

Adjustment involves hanging the chassis 
and oversize cables outside the boom. F/B is 


simplifies initial tuning. The 


parasitic elements are conse- Ks ve a : : 
quently only grounded for static Cogpesciption ates Se 
discharges on 14MHz, which 1. 20m Antenna 203BAs Telex/Hy-gain [2] 
shouldbe theiband selected 4 Bracket, element-boom 165920 Telex/Hy-gain 
when the antenna is not in use. re Pas ee etl BF ag 
tha ingen uit Cables ee 8 Relay 12V 10A DPCO 348-835 RS Components [3] 
- Cable, co-ax URM202(75 W) 388-164 RS Components 
folded back and taped to both | 149 Diodes 1N4002 261-160 RS Components 
themselves and the shorter ca- 2 Capacitor 470WF/25v 107-044 RS Components 
bles, forming a rugged assem- 1 Switch BBM2-pole6-way 320-685 RS Components 
bly. - Cable, twin screened 367-527 RS Components 
Table 1 shows both the cal- 1 9V mains transformer 196-381 RS Components 


culated and experimentally de- 
rived dimensions for the tuning 
cables. These are overall lengths, before strip- 
ping back 2cm of braid at each end. The 283MHz 
cables are quite critical and were much shorter 
than expected. This was attributed to enhanced 
end effect loading at the thick inboard end of 
the full wave elements. 

In the event that my exact insulator capaci- 


measured, 2cm are removed, and this is re- 
peated until one is satisfied with performance 
on each band. This has to be either all done at 
a reasonable height or the antenna lowered for 
each adjustment. You can however be reason- 
ably confident that the antenna will work with- 
out adjustment on the three lower bands. 


CONSTRUCTION 

FIG 1 SHOWS construction details for the 
pairs of relay chassis, formed from 16 gauge 
aluminium sheet which fit one inside each end 


of the boom, like the prototype in the photo- 
RLB | graph. The positions of the relays together with 
the length, diameter and spacing of the inter- 
connecting wires iScritical, because these de- 
fine the 18MHz tune condition and influence 
the higher frequency bands. 

A screened pair of control wires runs from 
the relay chassis inside the boom to the mast, 
carrying + or - 12 volts, for band selection at 
the operating position. Sufficient slack is pro- 
vided to allow withdrawing the relay chassis 


for inspection. be 


The tuning cables have their braids 
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Fig 2: Band selection is performed by switching combinations of positive, negative, and no voltage along 
two wires. 


The Poor Man’s 
Caesium Clock 


By Dave McQue, G4NJU* 
REQUENCY COUNTERS with lots of 
digits are cheap today. However, you 


EF should not confuse resolution with ac- 
curacy. 

Frequent checking against a known Stand- 
ard is required. Now, if you havea TV or video 
recorder with a SCART socket, you can have 
a Standard. 

I had always wanted an off-air standard, but 
jibbed at the complexity and cost of one using 
the signals from Droitwich on 198kHz. A 
recent article in CO TV provided the spur; it 
described an outline circuit for an off-air stand- 
ard using the commercial TV channels. Again, 
this was first suggested in the RSGB Micro- 
wave Newsletter. 


The unit that I have built is a development of 
the circuit in CQ TV, with some refinements. 


* 6 Laburnum Grove, Bletchley, Milton Keynes, Bucks MK2 2JW. 


BACKGROUND 
AS LUCK WOULD 
have it, I was able to 
purchase a second-hand 
Droitwich-locked 
standard to compare 
with my TV locked ver- 
sion. Droitwich should 
be good for better than 1 
part in 10°. A comparison 
of the locked 1OMHz out- 
put of this and the Poor 
Man’s Caesium Clock, using 
“a double beam scope (after both had 
been switched on for an hour or so) showed 
only a slow random phase variation between 
the two. 
All four main terrestrial TV channels now 
appear to have their line frequency locked to a 
Standard. The TV line frequency is 15,625Hz, 


connected to the relay 
<q chassis by termination on 
solder tags. The inner conduc- 
tors, projecting 2cm from the 
braid, connect to the moving con- 
tacts of the relays via the short 
flexible wires which originally 
connected to the relay tags. The 
liberated tags are used for mount- 
ing the diodes. 

Several manufacturers make 
relays mechanically compatible 
with those specified, but they do 
not all use insulation material 
which will survive the RF 
voltages encountered here. 

Fig 2 shows the circuit forband 
selection and Fig 3 the arrange- 
ment of how the tuning lines are 


18MHz line 


RL3b 
(RL7b) 


Reflector 
(Director) 


* Tuning lines 


ie 1MHz divided by 64. In my unit a 1OMHz 
crystal oscillator is divided by 1280 to form 
one input to a phase detector, while the sepa- 
rated line frequency is divided by two for 


the other input. The low pass filtered 
- 


spaced 2.5cm apart and as far 
from metalwork as possible. 
The wires should be a tight fit 
to keep out water. A hole is also 
made at the lower edge for con- 
densation drainage. Two more 
holes are made for fixing the 
relay chassis and extraction 
handle to the end cap. These 
holes are located after trial fit- 
ting the chassis into the boom. 

The chassis is retained and 
grounded by a single stainless 
steel No. 8 self tapping screw, 
passing through a 4mm clear- 
ance hole in the underside of 
the boom. A refinement would 
be a captive threaded bush and 
screw in this position. 


RL4b 


(RL8b) 
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connected from the relay con- 
tacts to the parasitic elements. 

The 203BA antenna is assem- 
bled following the makers instructions, except 
for substitution of the larger boom clamp brack- 
ets and polythene insulating sleeves at the 
parasitic elements. It is important not to exces- 
sively deform the boom by overtightening the 
locking screws in the clamp brackets, because 
this may otherwise prevent insertion of the 
relay chassis. 

Clamps are made from 6mm wide, 18 gauge 
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aluminium strip for electrical connection to the 
1.125in diameter elements, which is prefer- 
able to weakening the tubes by drilling them. 
Stainless steel nuts and bolts protected by self 
amalgamating tape prevent corrosion at the 
connections. 

The original plastic boom end caps are 
punched to allow flexible, element-to-relay 
connection wires to pass through. These are 


Fig 3: How the tuning lines are connected to the relay contacts. A similar 
arrangement exists for both the reflector and director. 


REFERENCES 

[1] Telex/Hy-gain antennas are 
available from Lowe Electronics Ltd, Ches- 
terfield Road, Matlock, Derby DE4 5LE. 
Tel: 01629 580800. 

[2] Available from Telex Communications inc. 
9600 Aldrich Avenue, Minneapolis, MN 
55420, USA. Tel: 00 1 612 884 4051. 

[3] RS Components items are available via 
Electromail, PO Box 33, Corby, Northants 
NN17 9EL. Tel: 01536 204555. ¢ 
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The Poor Man's Caesium Clock 


bo output from the phase detector is fed to a 
varactor diode, which fine tunes the crys- 
tal oscillator into lock. 


HOW IT WORKS 

A COMPOSITE VIDEO signal is taken via 
75Q. coax from pin 19 of a SCART plug, with 
pin 17 connected to the braid. Within the Poor 
Man’s Caesium Clock - Fig 1 shows the circuit 
diagram - the cable is terminated by R1, a 75Q 
resistor. R2 and Cl form a low pass filter, 
before the signal is applied to IC1, an LM1881 
sync separator chip. 

The output is line sync pulses, unfortunately 
with half line pulses during the frame blanking 
interval (flyback time). To deal with this, one 
half of IC2, a 74HC74, is arranged as a 40 


microsecond monostable - to mask the half line 
pulses, so that its output is 15,625 pulses per 
second. The other half of [C2 is connected to 
divide by 2, so that its output is a symmetrical 
square wave at 7812.5Hz (ie 1MHz divided by 
128). This signal is one input to the XOR gate, 
one quarter of IC3, a 74HC86, used as a phase 
detector. 

The 1OMHz crystal oscillator uses one in- 
verter of IC4, a 74HCU04. This has to be an 
unbuffered version of the 04. It ensures a less 
noisy oscillator than for the normal, buffered 
version. Course tuning of the oscillator is 
achieved with VC1, a 65pF trimmer, with the 
BBS15 varactor diode for fine, electronic tun- 
ing. The other inverters of IC4 are used as 
buffers. ICS and IC6, 74HC390 and 74HC393 


chips, are arranged to divide by a total of 1280, 
to provide a symmetrical 7812.5Hz signal to 
the other input of the phase detector. The mean 
voltage at the output of the phase detector will 
vary from 0 to the supply rail. It will be half 
way when the two inputs are in phase 
quadrature. A further gate is used to drive 
the phase indicator meter. R5 and C5 form 
a low pass filter, to smooth the output from 
the phase detector. The meter can be any 
ImA or less FSD meter, as its only purpose 
is to indicate variation. If it is a centre zero 
model, it is returned to the junction of R7 
and R8; if a normal end zero version, return 
it to 0 volts instead, so that it will still have 
a near central indication. Choose R6 for a 
full scale deflection with its end temporarily 


<a 
+12V S2 —p> Go 
2 DI C10 
1N4001 edb 
Composite R7 
video in R2 4k7 
WV p-p = 
~ 470R 
7 ae 
= MI 
separator 6 R6 
— ew) 
See text 
IC3 


R1 C1 
75R 


RO 


120k 
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1OMHz |_}2k2 sie 
a, 
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100k 
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R5 
150k 


Fig 1: Sync pulses are separated from an off-air TV video signal, and processed to lock a 10MHz crystal oscillator. 
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The Poor Man's Caesium Clock 


Components connected to the sup- 
Resistors - all 0.25W 5% (eg Maplin ‘G’ series) ply. rail before con- 
eee eee Se 75R necting it to pin 6 of 
Re shine eh ate 470R IC3. 
RS Ae Pe We Te: 680k A suitable power 
RAG ak, cee ee 68k supply is four AA dry 
RSS Zoe eee ete 150k cells for 6 volts, 4 
RG. 2 Rees See text NiCads for 4.8 volts, 
Ri States echt et 4k7 or from a higher ex- 
RB saree cesaregrewespseaae 4k7 ternal supply when a 
RY ccchrasscpeheswssenengss 120k 5 volt regulator (Reg 
RO caisieres.e ose ee, 1) is fitted. 
ROT epecey Pena 100k I sent details of my 
Capacitors prototype Veroboard 
Chibd ete lowe hs 470pF (RA38R) to Dr Kevin Scott, 
CHER A. ae. 100n (RA49D) MMOBPX, ~~ who 
CAR et ote InF (RA39N) kindly produced the 
CSCS eh eee pes ane 1 0uF/16V Tantalum(WW68Y) artwork forthe printed 
CO tenstcenzeterss 47pF (RA35Q) circuit board (Fig 2) 
Clee hore teeees) 0p RE (RASTS) in this projectand built 
GER Oe ener ne ee 10nF (RA44X) the version shown in 
VG ie AB sors 65pF trimmer (WL72P) the photo on page 35. 
Gana He confirms a stabil- 
Gt e-93 dod a LM1881 (UL75S) ifyibetier thanione pais 
1Gin De ee. SN74HC74N (UBI9V) in 10° - way beyond 
TES ee EL SN74HC86N (UB23A) the achievable setting 
1G4 eee ees SN74HCU04N (UB04E) accuracy of most 
ICS Sh rac ee ae SN74HC390N (UB84F) hand-held frequency 
[CO pcesicoeteetees eee SN74HC393 (UB85G) counters. § 
iy ee EOE ee D1 IN4001 QLY3Q) a ¢ word 
eRe ee AE oh BB515 (VR23A) SETTING UP 
REGIA eee cone 7805 (CH35Q) TO SET UP the unit, 
Miscellancans connect it to an active pte =] 
S1,2 Single pole change-over TV and put S1 in the : 
(FHOOA) ‘Tune’ position. 
XI 10MHz crystal (FY78K) Adjust VCI for the 
‘Scart’ Connector (FJ41U) slowest movement of 
Sktl -4 Panel mounting SOW the meter, then switch 
BNC Socket (HH18U) to ‘Lock’. Wait for 
Aluminium case (LF 16S) the meter to settle, 
MI 100-0-100yA panel meter then a very gentle 
(RW98G). tweak of CT1 to put ORrses Rc2059 
the meter needle near 
Almost any moving coil can be used, as only an indication the centre ofthe scale Fig 2: Track layout and component overlay of the single-sided PCB. 
ofmovement is required. A ‘tuning Indicator’ type instru- and that’s it! 
ment would be adequate. Every time you switch on, the meter needle Note: The LM1881 sync separator does not 
‘ will oscillate , then settle. If it doesn’t, check _ like noisy video, so make sure that the TV is 
Cons 1a braiespre Manin Taxa that you have a TV signal. ¢ getting a good signal from an outside antenna. 
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DXing? 


by Jim Bacon, G3YLA* 


“* Ready for VHF & UHF 


AVE YOU NOTICED how there are those amateurs who 
always seem to be around when the bands start to buzz? You 
may be one of them, but if you’re not, read on! 

There are a bewildering variety of propagation modes, and all seem 
to come with their own collection of folklore and operator wisdom. 
There are three popular methods of working DX on VHF and UHF. 
These are via Tropospheric Propagation (Tropo) and Sporadic E layer 
ionization (Es), which occur at very different altitudes, and through 
totally different causes (see Fig 1), and Aurora (Au). 


», 
AG® she 
ANS Are 

Meteors 
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Fig 1: Troposphere up to the E region, showing weather and propagation 
regions/layers. 


TROPO 

THE TROPOSPHERE is the part of the atmosphere where you will find 
our weather. It extends from the surface to about 12km altitude and most 
major Tropo openings occur because of special conditions in the lowest 
2km. 


REFRACTIVE INDEX 

You may well ask how the weather can make a radio wave change its 
direction. If so, put a pencil in a beaker of water. The pencil appears to 
bend because of changes in the refractive index from the air to the water. 
In this extreme case it is a ray of light being refracted, but it is still 
electromagnetic radiation, just like 2m. 

Tropo is slightly different, but again depends upon changes in the 
refractive index. The vertical changes in temperature, and especially 
moisture, are the most important parameters to measure. 

For the refractive index to change in the correct sense, we need cool, 
moist air underlying warm, dry air. The easiest way to visualise this is 
to picture a cold fog in the valley with warm sunshine on the hills above 
(see Fig 2). Remember; it is the change of moisture across the fog or 
cloud top that makes the biggest impact upon the refractive index. 

If the change of refractive index is large enough, the radio wave is 
Highways, Common Road, East Dereham, Norfolk NR20 34H. E-mail: jbac@cunimb.demon.co.uk 
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bent back towards the earth and 
may become trapped in a duct 
where signal losses are very low. © 
A duct may exist at the surface or 

at higher levels and stretch along 
the whole length of a major High, 
giving ranges in excess of 1500km. 


Warm, dry air 


TEMPERATURE 
INVERSIONS 
Now, if we are to capitalise on 
these free ‘air miles’ of propa- 
gation distance, we need to un- 
derstand some basic meteorol- 
ogy. Air temperature usually _ : : 
decreases with height, because Pk ah ede ete Bolla Lt 
o a temperature 
air is a good insulator and the inversion. 
temperature soon falls off as 
you move away from the heat source, ie the ground (see Fig 3a). 
Highs are frequently associated with gently sinking air, and one 
effect of this sinking motion is to dry and warm the air. This warm, 
dry air eventually finds itself directly above the undisturbed sur- 
face air that is quite 
often cool, moist 
and foggy. The 
Sinking air | change of tempera- 
i ture across this 
| | boundary is called a 
temperature inver- 
sion, because it re- 
verses (inverts) the 
usual decrease of 
temperature with 
height (see Fig 3b). 
In the world of 
Fig 3(a): Normal temperature lapse-rate, and(b):how meteorology, bal- 
the lapse-rate during a termperature inversion. loons carrying me- 
teorological instru- 
ments called radiosondes are launched to measure the detailed 
temperature and humidity structure of the atmosphere. The data not 
only confirms whether an inversion is present, but allows the 
calculation of the refractive index itself. The plotted data usually 
contains two temperature lines, as shown in Fig 4. One shows the 
measured air temperature and 
the other a dew point tempera- 
ture, but don’t worry too much 
about this new temperature; it is 
a way of showing the moisture 
in the air. If the two lines are 
close together, the air is moist 
and fog or cloud is likely. When 
these lines are widely spaced, 
the air is very dry. So understand 
just these two things - refractive 
index and inversions - and you'll 
soon be amongst the DX. 


Cool, moist fogay | 
air in valley: 
bottom — 
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Fig 4: A Tephigram. 
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TROPO FROM THE SHACK - TOP 20 TIPS 


1. Use the weather chart and barometer to locate the High (see Fig 5). 
2. Use forecast charts to predict how the High will move. 

3. Note the central pressure of the High. Is it building or declining? 
4. If the High is declining, hurry up with the DX. 

5. If the High is building, expect conditions to improve. 

6. The inversion is strongest in light winds (isobars widely spaced). 
7. In the centre of the High, inversion may be so low that the signals 
are ducted into the ground. Check radiosonde data from the web. 
8. For maximum range, point your beam around the edge of the High. 
9. Large Highs are slow moving, so the lift may last some time. 
10. Check reports for sunny skies and no fog - no surface moisture 
under inversion. 

11. When the High moves away eastwards (falling pressure) the air 
below the inversion will have extra moisture, as surface winds begin 
to blow from the Atlantic or Biscay. 

12. Small Highs between Lows move as quickly as the Lows 
themselves. They rarely have time to develop lift conditions. 

13. Lift conditions often improve overnight, as a strong surface 
inversion develops when the ground cools. 

14. Conditions may deteriorate again when this low-level inversion 
is broken down by the sun’s warmth the following day. This often 
applies to DX paths over the continent, particularly in the summer. 
15. Be wary of taking your rig to the nearest hilltop during a lift. If 
you are above the haze, fog or cloud layer, you will be above the 
inversion and out of the lift. 

16. Sea paths are often very productive during the summer, having 
cool moist air near the sea surface, overlain by warm dry air from the 
surrounding land. 

17. Sea breezes occur when cool sea air moves inland during the day, 
when the land is strongly heated by the sun. This can act like a moving 
duct that couples the inland stations into the sea paths from 16 above. 
This can be particularly useful to stations in the valleys of South 
Wales, who suddenly find their high sided valley sites are getting a 
prime path down to the coast and across to Spain. 

18. There is one type of lift when winds are stronger, these occur 
when warm air blows across a snow surface. At the end ofa cold snap 
it becomes misty as the warm air arrives and there are often sunny 
skies above this layer of stratus cloud. 

19. Highs tend to be stronger during the autumn, winter and spring, 
with better inversions. 

20. The change of refractive index across an inversion is more 
effective at higher frequencies, hence, UHF and SHF will produce a 
lift when VHF might not. Check the higher frequencies first. 


SPORADIC E 
SPORADIC E layer ionization is one of the most fascinating modes of DXing 
available to the 
amateur, but for 
many this is 
purely by chance. 
Research scien- 
tists and amateurs 
alike are still 
seeking a com- 
plete understand- 
ing of Sporadic E. 
What follows is 
a guide that 
should enable you 
to spend more 
time DXing and 


Fig 5: Atropospheric weather map, showing the preferred still get the grass 
paths for DXing. cut this summer. 
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It gets better; Es propagation does not require expensive stations with 
large arrays and big linears. 


CHARACTERISTICS 
Firstly, the ‘season’ for Es seems to be mainly concentrated in the 
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Fig 6(a): A graph of Es by season, and (b): time of day. 


summer months and runs from May to August, as shown in Fig 6a. 
It occurs at preferred times of the day, as shown in Fig 6b. The daily 
plot shows a rather strange double-peaked shape to the distribution 
of reports. An example of Es observed by the EISCAT UHF radar 
in Scandinavia shows some remarkable wave-like fluctuations in 
intensity of the Sporadic E layer, as shown in Fig 7. 


* 
WEATHER 
Some research- 
ers have pro- 
posed links be- 
tween Es and 
weather fea- 
tures. This is 
quite a chal- 
lenge to ex- 
1530 1600 1630 1700 730 | Plain, because 

Time most Es are to 
be found at an 
altitude of 
100km-120km, 
whereas any 
weather trigger is, of course, at least 100km lower in the tropo- 
sphere - below 12km. 

Thunderstorms are the most frequently mentioned candidate, 
and go all the way back to that first paper in the 1930s. However, 
if thunderstorms are a weather trigger they are not alone, since there 
have been Sporadic E openings with no evidence of thunderstorms. 

Jet streams - currents of fast moving air in the upper part of the 
troposphere around 12km altitude - are another major player in the 
weather list. Jet streams are 
Core of strong | associated with weather fronts 
din sl (see Fig 8), and contain wind 

speeds in excess of 60m per 
second. 

There is a possibility that 
Clear Air Turbulence (CAT) 
©rscarc2iz0 | associated with upper ridge 
| patterns on high altitude 
Fig 8:Path of jet stream in relation to Weather charts may also have 
frontal systems. some role to play. 
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Fig 7: EISCAT Es plot, showing how ther height of the 
reflection reduces as time progresses. 
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WIND-SHEAR THEORY 
The causes of enhanced E 
layer ionization have been 
discussed and debated since 
at least 1933. The generally 
accepted mechanism for 
mid-latitude Es was devel- 
oped by Professor White- 
head around 1960 and is 
known as the Wind-Shear 
Theory for Sporadic E. 

In essence, this utilises the 
fact that a charged particle 
moved by the wind through Fig 9: Wind-shear results in accumulated 
a magnetic field will be de- ionisation. 
flected. 

Furthermore, given that the wind often blows from different 
directions at different heights, the deflected ionization may, in 
certain conditions, converge into a narrow layer. The ideal case 
would be a layer of easterly winds above a layer of westerly winds, 
as shown in Fig 9. 
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Fig 10: Variation of three-hourly K index. 


MAGNETIC FIELD 

The K index, which ranges from 0 to 9, is a measure of the disturbance 
of the earth’s magnetic field (see Fig 10). When the earth’s magnetic 
field is continuously changing, ie during a geomagnetic storm, the 
random and varying deflections mean less chance of developing an Es 
layer by wind shear. Indeed, Sporadic E is rarely observed when the K 
index is greater than 3. 


METEORS 

The date of meteor showers is widely believed to influence the occur- 
rence of Es. There are many meteor showers through the year; some 
coincide with spectacular VHF openings, but not every year. The ions 
being deflected by the wind shear are, from the result of rocket 
measurements, believed to be mainly metallic ions like iron, magne- 
sium and silica. The ablation of meteors, as they burn up when entering 


the upper atmosphere, is a pos- 
sible candidate for this metallic eR 


ionization. These metallic ions 
have a long lifetime of around 
10 days before recombining. 


WINDS, WAVES AND 
TIDES 

Firstly, we must establish a con- 
nection between the weather 
and the E region, and that link 
is; Atmospheric Gravity Waves 
(AGWSs). They are called grav- 


ity waves because gravity is Fig 44: Waves caused by air flowing over 
the restoring force acting upon amountain. 
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the initial displacement, 
like waves on the sea. 
For Es we need to think 
of the way airflow is dis- 
turbed when it blows over 
a range of mountains, 
generating mountain 
waves. This is illustrated 
in Fig 11. In fact, AGWs 
generated by mountains 
can interact with a jet 
stream flowing above 
them. This may then 
cause stronger AGWSs to 
propagate up to the E re- 
gion and interact with the 
background winds above 100km. Turbulence in the region of a jet 
stream can also produce AGWs without being anywhere near a 
mountain. 

It may well be even more complex, since the double peak of the Es 
curve during the day also suggests some form of tidal influence. The 
winds at Es altitudes also vary through the day and, just as the variation 
of sea height through the day is known as a tide, this daily or even twice 
daily variation of wind can also be called a tide. Once the AGWs have 
reached the E region, they have the effect of modulating the back- 
ground tidal winds to produce a variation, or shear, as required for the 
wind-shear theory to operate. 


Paths tend to follow 
the sun. Those F 
toeastopen <- 7 
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Fig 12: Map showing how Es openings tend to 
move across Europe. 


Es FROM THE SHACK - TOP 20 TIPS 


1. Main season May to August, contains many ‘blank’ days. 

2. Check 10m beacon band or short skip on 20m. 

3. HF before VHF. As each higher frequency band opens, check the 
next one up. 

4. QSOs are often brief, but openings may last hours. 

5. Check the VHF net on 14.345MHz (20m) or DX cluster if 
available. 

6. It’s safe to go and cut the grass if the K index is greater than 3. 
7. Meteor showers may help; early June is very popular, but not 
guaranteed! 

8. Double diurnal peak in activity, approx. 10-12UTC and 16- 
18UTC (stronger). 

9. Success rate improves dramatically if you check the bands at 
teatime. 

10. Spacing of diurnal peaks, typically 5.5 - 6 hours. 

11. Daily peaks vary, early am peak can mean early pm peak. 

12. Just under 50% of days with Es on 6m also produces Es on 2m. 
13. Es openings to given region tend to repeat after about 40 minutes 
or so. 

14. Later QSOs tend to be shorter range (about 15% less) due to 
descending Es layer. 

15. Es openings tend to follow the sun, so paths to Scandinavia etc 
open first, followed by the Balkans etc., then through the Med. to 
Tberia (see Fig 12). 

16. 6m transatlantic paths are open during the evening. 

17. Afternoon opening may be in slightly different direction to 
morming opening because the trigger (jet stream) may have moved 
(see Fig 13). 

18. If possible, seek out occasions when jet streams are blowing 
across mountain ranges. 

19. Es seems to depend on many factors. The presence of one is not 
sufficient for Es to be reported. Equally, a check of one feature will 
not reveal a true picture of its role in the generation of Es. 

20. Keep accurate logs and contribute to propagation research by 
sending your data to the RSGB Propagation Studies Committee 
(PSC) or myself. 


43 


©RSGB RC2126 


x re 
Gee - 5 
— 


Jet steam moves 
_ east with weather 
system 


Afternoon 
opening 
further east 


Morning ‘ 
opening 


Fig 13: Movement of weather trigger. 


CO-ORDINATION 

[ARU Region | maintains a database of Es contacts in an effort to 
shed light on the many mysteries of this mode of propagation. If 
you want to help advance our knowledge of Es then please send 
your logs to me directly or via the RSGB PSC [see RSGB Year- 
book]. Data is welcome in any format, but especially if compatible 
with Microsoft Office software. 


AURORA 


THIS IS AN equally illusive mode of propagation, but also benefits 
greatly from a little knowledge of how it works. 


SOLAR WIND 

The solar wind carries a stream of atomic particles from the sun 
towards the earth. The solar wind is always blowing, but sometimes 
has the equivalent of gusts when the output is greater. There are 
many interesting features on the sun’s surface that produce the 
material that make these gusts in the solar wind. Features like 
flares, coronal holes and sunspots appear to move across the sun’s 
surface as it rotates. Therefore a period of high activity may be 
repeated the next time around, approximately 27 days later. 


A TWIST IN THE TAIL 

Everything that heads our way in the gusty solar wind does not just 
fall in around the poles to gives auroras. It seems an extra ingredient 
is required, and that is the disruption of the earth’s magnetotail (see 


Magneto tail 


Solar wind 
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Fig 14: Magnetotail of the earth’s magnetic field. 
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Fig 14). The magnetotail is like a slipstream of particles from the 
solar wind which streams away downwind from the earth. During 
major disturbances, the forces upon the tail are so great that it 
breaks and part of it catapults back along the field lines towards the 
polar auroral ovals. These particles somehow acquire enough 
energy to reach the denser lower parts of the ionosphere in the E 
region and produce the aurora. 


AURORAL OVAL 

The auroral oval is the ring around the magnetic pole where 
charged particles from the solar wind eventually reach the iono- 
sphere. As they spiral down the field lines they excite the atoms of 
oxygen and nitrogen to give off the blue, green and red glow of the 
aurora. The visible part of the aurora can extend from about 400km 
down to 100km. The useful bit for radio propagation tends to be at 
the lower limit, in the E region around 100km, where the ionization 
density is greatest. The oval extends further away from the pole as 
the disturbance gets stronger. A very high K index may allow the 
aurora to be visible from southern Britain, but this is extremely 
rare. Because of the strange geometry of auroras there are two 
periods of activity when the auroral oval is at its more southerly 
position. These are roughly around 1800UTC and midnight. There 
also seems to be a seasonal preference for autumn and spring. 


AURORA ON VHF 

Firstly, not all radio auroras are visible auroras, and even some 
visible auroras may not be close enough for radio contacts. The 
strange burbling quality of the back-scattered signal is because the 
auroral curtain is a region of fast moving particles that impart their 
own random doppler shift on the signal. Speech becomes husky, 
sounding like ghostly whispers and, as a result, the use of CW is 
common. * 

The best DX direction to beam from Britain is towards the east- 
northeast, but other directions through to west-northwest can be 
used if there were anyone there to work. The longest paths, in the 
range 1500km to 2000km, tend to be more east-west than north- 
south. 

Aurora tends to have weaker signals than the other modes 
discussed so far, so big stations are the order of the day (or 


AURORA FROM THE SHACK - TOP 10 TIPS 


1. Keep a 27-day solar calendar for possible disturbances. 

2. Check the K index on the web or packet. 

3. Monitor the northern VHF beacons for auroral tone. 

4. Use the DX clusters. ;, 

5. Sometimes even HF/LF signals have a warble or flutter. 

6. Monitor the VHF net on 20m. " 

7. Don’t saturate the calling frequency during a big aurora - spread 
out. 1 
8. Check the band at teatime when you get in from work. 

9. Make a final check towards midnight. ' 
10. Be especially vigilant around the equinoxes, both spring and 
autumn. 


evening). Weaker events are usually only accessible by the nearby 
Scottish stations and are called Scottish type auroras. 


FURTHER READING 

1. RadCom May-Aug 1989. An introduction to Sporadic-E, by Jim 
Bacon, G3YLA. , 

2. Journal of Atmospheric & Terrestrial Physics, Vol.51 No.5 

pp401-424 1989, Vol.60 No.4 pp413-435 1998. 

. VHF Handbook, Ch.2, Ray Flavell, G3LTP. 

. The VHF/UHF DX Book, Ch.2, Geoff Grayer, G3NAQ. 

5. DUBUS band reports. + 
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Best Out of 


Your VHF Station 


by David Butler, G4ASR* 


is that there are so many different aspects of the hobby that can 

be utilised at these frequencies. Interested in voice communi- 
cations? You can use the VHF bands for both local and international 
contacts. Perhaps your interest lies in digital communications. Well you 
can join the growing band of enthusiasts that use packet radio (AX25) 
to access mailboxes or the DX Cluster. A new aspect of this technology 
is the automatic packet reporting system (APRS) which allows real-time 
tracking of mobile (or fixed) stations. Image communications such as 
slow scan television (SSTV) is also popular, especially now that most 
of the processing is achieved by a computer and sound card. And don’t 


() NE OF THEGREAT attractions of operating on the VHF bands 


Ue 


RN Electronics 50MHz transverter. — 


forget Morse! This ‘digital’ mode is still very much used on the VHF 
bands by the DX community. Once you get hooked on working DX 
you'll then discover exotic propagation modes such as trans-equatorial 
propagation (TEP), Sporadic-E (Sp-E), Aurora and meteor scatter 
(MS). And it doesn’t have to be two-way terrestrial contacts. You can 
also make use of amateur satellites or even bounce your VHF signals off 
the moon to make world-wide contacts. You can operate from home, in 
the car or go out back-packing from the hill tops. Other activities include 
low power or high power, rag chews or contesting. The VHF bands 
really do have something for everyone. 


PRIME MOVER 

THE ONE PIECE of equipment that determines 
exactly what facilities you can ultimately use on the 
VHF bands is the station transceiver. This will either 
be a single-mode or multi-mode base station, mobile 
unit or portable hand-held radio. The term ‘mode’ 
incidentally indicates the type of modulation used, 
for example - frequency modulation (FM), amplitude 
modulation (AM) or single side-band (SSB). Most 
single-mode transceivers available today are mobile 
units (often pressed into service for home use) and 
portable handhelds. These are designed to operate 
exclusively on FM and are very popular, as they can 
be used for short-range telephony (either direct or via 
a repeater) and for data communications such as 
packet radio. Single-mode FM transceivers can be 
obtained from amateur radio retailers, but that’s not 
the only source of this type of equipment. 

*Yew Tree Cottage, Lower Maescoed, Herefordshire, HR2 0HP 
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Commercial operators regularly upgrade their private mobile radio 
(PMR) equipment, and this can be obtained from traders who specialise 
in electronic surplus. It will get you operational on the VHF bands very 
quickly and at a price that will suit most pockets. Indeed, for many fixed 
station applications, I would recommend that you use dedicated PMR 
equipment as it does possess many advantages. It is designed to be used 
by a wide range of operators in varying environments. Because of this 
the equipment is normally of rugged construction. Drop it and it will 
probably keep working. The majority of PMR equipment has to be built 
to a high technical performance and reliability. Spectral purity of the 
transmitted signal is very good and the equipment is designed to run 24 
hours a day without a break. Some amateur band allocations are very 
close to the commercial PMR bands. By looking around you should find 
equipment suitable for the SOMHz, 70MHz, 144MHz and 430MHz 
bands. Most equipment is relatively easy to modify and in some 
instances may not need any modification at all. However, before you 
hand over your money there are a few points to note. Is the equipment 
working ona frequency range close to an amateur band? What transmis- 
sion mode does it use? Is it AM or FM? What is the bandwidth of the IF 
filters? Is it 5|0kHz, 25kHz or 12.5kHz? The latter two are preferable, 
whereas the SOkHz bandwidth would indicate that the equipment is 
many years old and may not be suitable for use on the VHF bands today. 


LONG DISTANCE 


AS PVE JUST mentioned, the use of FM equipment is for short-range 
communication links. If you want to broaden your horizons and contact 
stations much further away then you’ Il need to procure a multi-mode rig 
which in addition to FM includes CW and SSB transmission modes. 
Unfortunately you won’t be able to find surplus PMR equipment that 
can be pressed into service as a multi-mode rig, so it really is a case of 
digging deep into your pockets and buying a suitable transceiver. 
However there is one option you may wish to consider if you already 
possess a multi-mode HF transceiver and that is the use of a transverter. 

A transverter is actually a transmitting converter, a receiving converter 
and a local oscillator source all combined into one unit. It connects to the 
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he VHF station of David Butler, G4ASR seme 
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VHF/UHF antenna system 
of Richard Girling, G4FCD 
} (circa 1991) 


antenna socket 
of an existing 
transceiver which 
provides the driving sig- 
nal, typically at 23MHz. The 
- transverter then mixes the IF 
drive from the transceiver with its 
~ own local oscillator to produce an out- 
put on the VHF band of your choice. On 
receive a similar process takes place, the VHF 
signals being down-converted to provide an output signal in the 23MHz 
band. In practice transverters are available for all VHF bands and for a 
variety of IF drive frequencies. Although the majority will be at 23MHz 
you ll also find models that will accept drive at 144MHz. So if you already 
have a transceiver on this VHF band you should have no problem finding 
a transverter that will allow you to operate on the SOMHz band. The 
advantage of using a transverter is that it allows all the functions and 
performance of the driving transceiver to be used on the VHF band of your 
choice. More on this topic later. 


THE VHF BANDS 

BEFORE DESCRIBING the technical aspects of VHF systems it’s 
worthwhile briefly considering the different characteristics of the three 
UK amateur bands, S0MHz, 70MHzand 144MHz, that lie within the VHF 
spectrum. 


50MHZ 
Positioned at the lower end of the VHF spectrum, the 5|0MHz band exhibits 
propagation modes appropriate to both HF and VHF wavelengths. Be- 
cause of this the band has, in general terms, been regarded as only suitable 
for DX working. This is far from the truth, as the allocated band is sufficient 
to support many popular transmission modes that are normally to be found 
on higher frequencies. Nevertheless the majority of operators prefer to use 
the band for its DX capabilities, using CW and SSB communications. 

During the summer months contacts can be made via Sp-E propagation. 
Signals are very strong and it is possible to work considerable distances 
with simple antenna systems. 

During the peak of the sunspot cycle, world-wide communication will 
be possible via F2-layer propagation. 

Although you may be able to work some good DX with a small antenna, 
it is preferable to use some form of beam to make these type of long- 
distance contacts. 


7OMHz 

Moving up now to the 70MHz band. This band, because of its limited 
access by other countries, has proved to be ideal for local rag-chewing. 
You'll find all modes in use and it's the only VHF band that has retained 
an AM calling frequency! This is the band where surplus PMR equipment 
can usefully be employed. Having said that though, there is good support 
for SSB and CW modes, especially during contests and other activity 
periods. 
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144MHz 

Finally a brief look at the 144MHz band. This really is a band of two halves. 
Many operators are quite content to use the band for local communica- 
tions, running low power FM into small vertical antennas. However, some 
exciting propagation modes effect the band and although world-wide 
communication is not possible (except for moonbounce) many CW and 
SSB contacts up to 2000 kilometres and more are regularly made via 
propagation modes previously mentioned. Stations interested in working 
long distances tend to run high power and often possess large antenna 
arrays. 


OPTIMISATION 

NOW IT’S TIME to take a look at what a VHF station comprises and how 
you can make simple improvements. No matter what VHF band or 
transmission mode you wish to use, the basic system will always be the 
same. It’s a transceiver feeding an antenna via a length of coaxial cable. 
Sounds simple doesn’t it, but why do some stations consistently perform 
better than others? One of the most important factors is the site on which 
the VHF station is located. Ideally, a hill-top location is best, but good 
results can be obtained in low lying areas that are clear of local obstruc- 
tions. Results depend very much on the band used, obstructions having 
considerably less effect at 50MHz than at 144MHz. OK we can’t all live 
at 700ft ASL with a clear take-off (like I do!), so you need to pay special 
attention to the most significant item in your station. And that, of course, 
is the antenna. 


FM OPERATION 

Convention dictates that for FM operation, both felentony and digital 
communications, an antenna with vertical polarisation is required. If you 
want to make local contacts then you’ll probably need omni-directional 
coverage. Simple non-directive half-wave or quarter-wave vertical anten- 
nas are very popular for this type of general transmission. 

If you run packet radio you will require a similar vertical antenna, 
although you might consider using a small 4 or 5-element beam for this 
type of fixed link. The design need not be critical and it will allow you to 
use less transmit power and concentrate your RF in the right direction. 


ANTENNAS FOR DX 

For serious VHF DX work, using CW or SSB, a horizontally polarised 
directional Yagi is recommended. There are many types of beam antennas 
available, some very good and some, well, not so good. But if you were 
to look at the claimed gains of =» : 

antennas, for example those of 
between 9 to 18-elements, the 
difference between the poor- 
est design to that of the very 
best may only amount to 4dB 
or So. 

The point here being thatif ~~ 
youare only interestedin work- 
ing occasional DX when the — 
band is open what ‘real’ differ- 
ence does a few decibels make 
when propagation conditions 
can vary by many tens of dBs? 
So, unless you really want to 
eke out the very last vestige of 
antenna gain, I would suggest 
that the most important criteria 
is not ultimate gain but build 
quality. After all, a long boom 
antenna is no good if it folds in half 
during the winter gales. Similarly, the longer the 
antenna boom the sharper the directivity of the array becomes. 
The possibility of missing stations away from the main antenna lobe 
becomes increasingly likely. So you might consider trading off some gain 


Packet radio antennas 
at GB7MAD. 
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for an increase in beamwidth. 

Taking all these factors into 
account you might find that a pair 
of stacked 9-element Yagis (on 
the 144MHz band) might pro- 
vide a more practical solution 
than using a single 18-element 
Yagi. 


SITING & CABLING 

The siting of an antenna is just as 

important as the type of antenna 

used. A ground-plane antenna lo- 

cated on a chimney top clear of 
any obstructions may give better 

results than a beam antenna lo- 

cated in the loft space. Unless 

you have restrictions imposed at 

your QTH, the best location for a 

VHF antenna is always outside 

in an uncluttered location. If pos- 

sible mount it on a suitable pole, 

elevating it above the roof and 

away from nearby television aeri- 

als. The coaxial feeder connect- 
ing the antenna to the transceiver 
should have a low loss at the frequency 

in use and this is especially important on 

the VHF bands. A poor quality cable will é 


The 144MHz antennas 
at the station of David 
Butler, G4ASR. 


lose valuable transmit and receive signal power, oe 


so be prepared to spend more money on the main 
feeder than on the antenna. It really will be an 
investment. I recommend that as a minimum you use 
10.3mm diameter cable such as URM67 or RG213. If you really want 
to go for the very lowest loss then I suggest you choose a hardline cable 
such as Andrews Heliax. This can often be obtained on the surplus 
market and, provided it has been treated with respect by the previous 
owner, it will provide you with many years of further use. The connec- 
tors can be quite expensive though. Also, make sure you buy the right 
impedance cable. You’ll want LDF4-50, not LDF4-75. It’s an easy 
mistake to make when buying from a poorly lit Bring & Buy table! 
Finally, make sure that the connectors you use are of the highest quality. 
Although the use of N-type plugs and sockets is recommended they are 
not essential, especially on the lower VHF bands. 


BACKGROUND NOISE 

Having paid attention to the antenna and feeder, it’s now time to look 
at the receiver. The background sky noise arriving at the antenna 
effectively limits the maximum receiver sensitivity required for nor- 
mal communications. On the lower VHF bands of 5|0MHz and 70MHz, 
man-made noise often exceeds the background noise by 10dB or so. 
Consequently, receiver noise figures as high as 12dB and 10dB 
respectively are quite adequate for these bands. At 144MHz, however, 
the sky noise is much less and a receiver noise figure of around 2.5dB 
will be quite adequate for most types of terrestrial communication. 
Unfortunately you probably won’t find out what the overall noise 
figure is of your commercially made transceiver because it’s never 
given. Normally the specification is given in terms of so many pV for 
a signal:noise ratio of so many dB. For example, one 144MHz 
transceiver quotes “better than 0.5uV for 10dB s:n”. Making the most 
favourable assumptions this translates to a noise figure of 11dB. Now 
you can see how little some manufacturers are really offering the VHF 
enthusiast. In my opinion, too much effort seems to be exerted in 
producing rigs with 100 memories, air-band receive facilities, compu- 
ter control and displays that say ‘Hello’! What is really required is a 
VHF transceiver with a low noise figure, a dynamic range in excess of 
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100dB, switchable filters, IF 
shift, notch filtering, adjustable 
noise blankers and full CW 
break-in. All these features can 
be found on a modern HF radio, 
which brings me nicely back to 
my original suggestion of using 
a VHF transverter with an HF 
transceiver. You really do get 
the best system performance by 
adopting this technique. 


PRE-AMPS 
ANOTHER WAY of overcom- 
ing the basic lack of sensitivity 
is to use an external pre-ampli- 
fier, and if this is mounted at the 
antenna it will also eliminate 
the effect of feeder loss in the 
receive direction. Unfortu- 
nately, the receive sensitivity is 
only improved if the pre-ampli- 
fier has sufficient gain, but this 
extra gain also decreases the 
strong-signal handling capabil- 
ity of the receiver. Therefore, the 
use of a pre-amplifier may show over- 
load effects on some signals that origi- 
nally didn’t cause any problems. My recom- 
mendation is to use a pre-amplifier that has 
adjustable gain, so that you can adjust it to suit your 
receiver. Typically, a gain of between 6-15dB will be 

sufficient for most needs. 


SUMMARY 


THE BIGGEST improvements to your VHF station always come first. 
Changes to the antenna system, coaxial feeder, making the receiver 
more sensitive and increasing your transmit power will easily improve 
your system performance. After that, it become a little bit more difficult. 
The rewards are still there, but each improvement will be less signifi- 
cant. 


FURTHER READING 

Surplus 2-Way Radio Conversion Handbook by Chris Lorek, G4HCL 
(ISBN 0-85242-946-0). 

The VHF/UHF DX Book by lan White, G3SEK (ISBN 0-9520468-0-6). 
The VHF/UHF Manual edited by Dick Biddulph, G3DPS (ISBN 1- 
872309-42-9) Cd 
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RF Output Power vs 
Load Impedance 


By Grant Bingeman, PE, KM5KG 


HIS IS AN article based primarily on 
empirical evidence, and is not the usual 
theoretical treatment of the subject of 
PA design, although it is in full agreement with 
the laws of physics. As such I think you will 
find it offers some fresh information in the 
spirit of amateur radio and experimentation, 
and will be of particular interest to QRP (10 
watts SSB, 5 watts CW) aficionados. 


SETTING THE SCENE 
CONVENTIONAL WISDOM asserts that the 
RF power output level from a transmitter is 
optimal when the impedance presented 
to the power amplifier is closest to its 
design centre value. An RF output net- 
work serves to transform the typical 50Q 
load impedance to this desired PA value, 
but what happens when your antenna 
presents something other than 50 + j0Q 
to your transmitter? Most of us are aware 
that a transmitter load impedance speci- 
fication often simply refers to a maxi- 
mum tolerable VSWR value. Since there 
are an infinite number of impedances 
that fall within the typical load VSWR 
tolerance specification of 2.0, one might 


PA. Since the phase shift across the output 
network is 180°, any impedance at the output 
of the transmitter appears as that same imped- 
ance divided by four at the collector of the 
transistor (impedances repeat every 180° ona 


lossless transmission line). This is a relatively 


broad-band output network, and behaves pretty 
much the same across the entire 20m band 
from 14.0 to 14.35MHz. By contrast, class C 
amplifier output networks have a much higher 
Q and tend to have a narrower bandwidth. 
Some amateur radio CW transmitters use a 


class C RF amplifier. 


to behave as a triode or voltage source, al- 
though they can be modelled as an exponential 
voltage-controlled current source in Spice 
analysis. Many models assume that there are 
no power supply limits, and no feedback, de- 
liberate or stray. However, in the real world, 
there is not much headroom designed into a 
transmitter power supply, because unneces- 
sary headroom wastes money. During these 
tests I used a big power supply that actually 
cost more than the transmitter under test, but at 
least I knew its current rating or voltage regu- 
lation was not going to taint the results. So keep 

in mind that you may get different re- 
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ask the question, ‘Are some of these 
impedances better than others?’ This ar- 
ticle will discuss specifically how much 
the measured PA efficiency and RF power 
output level from an MFJ 9420 vary over a 
large set of impedances other than 50Q reso- 
nant, and what this means to your received 
signal strength. If QRP is defined as 10 watts 
PEP for SSB operation, it would be good to 
know if certain loads caused the PA to deliver 
more than 10 watts. For example, if you are 
working towards a QRP Worked All States 
award, but some of your QSLs were made at 11 
watts, how would you feel? 

The MFJ 9420 is a CW and SSB ‘travel 
radio’ rated at 10 watts PEP, tuned to the 20m 
amateur band. Its PA consists of an MRF477 
transistor operating single-ended class AB. 
This heat-sinked transistor is capable of dissi- 
pating 80W, so is not in much danger of burn- 
ing up in this application, which is probably 
why the load VSWR spec for this radio is a 
relatively high 3.0. The output network of the 
9420 consists of a 1:4 transformer followed by 
two 50:50 Q, -90° pi networks (Fig 1). Thus, a 
50Q resistive load presents about 12.5Q to the 


Fig 
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: Circuit diagram of the PA stage of the MFJ 9420. 


PA TRANSISTOR 

USUALLY THERE IS some collector-to-emit- 
ter capacitance built into the PA transistor, and 
if this is greater than that required by the output 
network, it has to be parallel-resonated with an 
inductance, or otherwise accounted for in the 
design. According to the Motorola published 
data, the MRF477 can be modelled as about 
1300pF in parallel with 2.2Q when delivering 
40W at 14.2 MHz, but since the MFJ 9420 PA 
is operating at only 10 watts PEP nominal, the 
actual parallel equivalent circuit for this condi- 
tion is not specified. However, the self induct- 
ance of the 1:4 transformer will tend to offset 
the collector capacitance, so we might assume 
for the moment that these ‘stray’ reactances 
wash each other out, just to keep things simple. 
Besides, best PA performance may not occur 
exactly at resonance anyway. There is often a 
compromise between distortion, power output 
and efficiency. 

The MRF477 is a bipolar NPN silicon tran- 
sistor, or BJT. If it were a FET, it might tend to 
behave as a tetrode or current source. Bipolar 
transistors, on the other hand, are said by some 


sults with an economical power supply, 
or with a different type of RF power 
transistor. And RF feedback can very 
significantly alter the behavior of a PA 
as the load is varied. In any case the 
main point of this article is that, rather 
than relying on theoreffcal device mod- 
els, I decided to measure the PA per- 
formance of my MFJ 9420. 


PA DESIGN 

THE PA HAS a 150Q stabilizing or 
damping resistor directly across the pri- 
mary of the transformer, which pulls the 
12.50 downto about 1 1.50. This means 
that about 8% of the PA output power is 
wasted in the damping resistor, and 92% is 
delivered to the output network. This is a small 
price to pay for parasitic suppression under 
variable load conditions. It means that spuri- 
ous emissions are minimized and PA stability 
is enhanced, reducing the chances of over- 
dissipation and failure of the transistor when 
operating into mismatched loads. : 

With no load whatsoever attached to the 
transmitter, I measured a PA DC current of 
0.4A when using a 13.6V DC supply. Iran it for 
30 seconds with no problems, but would not 
recommend this as a common practice with 
other transmitters where the transistor might 
be running closer to its maximum ratings or 
where an open-circuit at the output of the 
transmitter may reflect as a short-circuit at the 
PA (when overall output network phase shift is 
near an odd multiple of 90°). 

The PA RF choke in the power supply lead 
has about 0.6Q of DC resistance. With the key 
down and 13.6V supplied to the 9420, the RF 
power delivered to a 47 - j10Q load is about 
9.0W. The stray reactances between the UHF 
connector and the printed circuit board trans- 
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Fig 2: MFJ 9420 power delivered to a mismatched 
load. 


form this to about 48 - j5Q at the last capacitor 
in the output network. The DC input current to 
the radio is about 1.64A under these condi- 
tions, of which 0.12A is the quiescent current 
with the key up, and 0.23A is the current drawn 
by the oscillator.and driver stages. This leaves 
1.29A delivered to the PA, which means the 
voltage drop across the RF choke is about 
0.8V, leaving 12.8V across the PA transistor. 
Thus the transistor input power is 12.8V times 
1.29A, or about 16.5W, yielding an efficiency 
of about 54% at 14.25MHz, which includes 
output network and damping resistor losses. If 
you count the loss in the choke, about 1.0W, 
the overall PA efficiency is a bit lower, about 
51%. For the remainder of this article I will 
include the choke losses in the PA efficiency 
figures, but 51% is not bad for a practical class 
AB HF amplifier 

The insertion loss of the DC ammeter in 
series with the PA RF choke was accounted for 
in the data collection. The voltage drop across 
this meter was almost small enough to ignore 
(about 0.2V), but I corrected the results any- 
way. 

Note that the PA bias and all other param- 
eters were left at the factory settings through- 
out the testing. Using an attic dipole 30ft off the 
ground, this particular 9420 received excellent 
SSB signal reports in Italy and Brazil from its 
Dallas QTH in April 1998, so the factory 
settings must be OK. 

The power delivered to the load was deter- 
mined by measuring the peak-to-peak value of 
the RF waveform across the resistive portion 
of the load with an oscilloscope, dividing this 
value by 2.82 to convert from peak-to-peak to 
RMS, squaring the result, then dividing this 
number by the load resistance: 

P= (V/2:82)?/R 

The ground side of the scope probe was 
always attached to the grounded side of the 
resistor in the load. The reactive component in 
the load was floating. The impedances were 
measured with a Hewlett Packard vector im- 
pedance meter calibrated to an NBS standard. 
The oscilloscope was recently calibrated in an 
ISO9000 lab, and its accuracy is better than 
2%. In terms of measured power, this means 
that the accuracy was better than about 4%. 

The following data (Table 1) were taken 
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with a constant 13.6V DC supplied to the 
transceiver. Note that many 13.8V supplies are 
not very well regulated, and often the cable 
between the supply and the transceiver has a 
significant voltage drop across it as well when 
the key is down, especially if there is an in-line 
fuse. When using a portable battery pack, there 
will also be some sag in the voltage, unless it is 
a large, fully-charged battery or a good voltage 
regulator is built into the battery pack. The 
9420 uses a number of voltage regulators on its 
printed circuit cards, but the PA is connected 
directly to the 13.8V DC input and has no 
voltage regulation. 

The 9420 is designed to operate over a 
supply voltage range of 12 to 15V DC. There 
is no series protective diode, only a shunt 
crowbar diode and a fusible printed circuit 
trace, so be careful not to hook up your power 
supply leads backwards! If you add a conven- 
tional fuse, you may find that you lose half a 
watt in its resistance when the key is down. 


RESULTS 

WE CAN DRAW some general conclusions 
from these data. First of all, one can see that the 
general trend per Fig 2 and Fig 3 is towards 
lower power output and efficiency with in- 
creasing VSWR. Italso appears that fora given 
VSWR, power output degrades less when the 
load resistance is lower than the nominal 50Q. 
However, PA efficiency and heating are both 
worse on this low resistance side of the Smith 
chart (Fig 4). I sketched-in some rough con- 
stant-power curves on the Smith chart, but 
more data points would be required to plot 
these accurately. These curves form concen- 
tric rings around the maximum power output 
location, which is generally at the centre of the 
Smith chart. 

All of the data tend to indicate that the PA is 
behaving more as a voltage source than a 
current source, but it is clearly not an ideal 
voltage source. A very stiff voltage source 
would produce four times as much power in a 
25Q resistive load, as it produced in a 100Q 
load. And at first glance I don’t see an obvious 
constant source impedance value that would 
account for the measured results either, or that 
such a linear source impedance even has to 
exist. 

Note that the correlation of PA power dissi- 
pation and efficiency with load resistance is 
true both at the output of this transmitter and 
right at the PA, since the phase shift across this 
network is 180° lagging. Therefore you could 
probably extrapolate this relationship to other 
transmitters using other output networks, if 
they used the same type of PA. For example, 
you would expect the opposite effect to occur 
in a transmitter having a -90° or -270° output 
network. That is, a high output load resistance 
would reflect as a low PA load resistance in 
such a transmitter, which could result in possi- 
ble over-heating of the PA. The idea is to 
translate the load impedance from the output of 


the transmitter to the PA, keeping in mind that 
a low PA load resistance is going to stress the 
PA more than a high load resistance, at least in 
the MFJ 9420. 

By the way, here is a trick question. Which 
load has a lower VSWR ina 50Q system: 50 + 
J40Q or 70 + j40Q? 

Did you think it was the load with the resist- 
ance closest to 5002? The correct answer is 70 
+j40Q, which has a VSWR of 2.09, as opposed 
to 2.18 for the 50 + j40Q load. Which load is 
better for your transmitter, assuming you don’t 
have an adjustable impedance matching net- 
work between these loads and your PA to 
compensate for the mismatch? Well, you are 
probably going to have to measure your trans- 
mitter RF power output, input power, inter- 
modulation distortion and spurious RF content 
to fully answer that question, since all these 
performance criteria will vary from one trans- 
mitter to the next. 

You can get a reasonable idea of the power 
delivered to your load by subtracting the re- 
flected power reading from the forward power 
reading of your directional coupler. By the 
way, when was the last time you verified the 
accuracy of your power meter, or calibrated 
the impedance of your dummy load? Chances 
are your reflectometer, or directional-coupler, 
or magni-phase, or power-meter, or SWR- 
meter may only provide reasonable accuracy 
for loads close to 50Q. I also measured a 
commercial *50Q’ ham radio load as 56 + j0Q 
at 14.25 MHz, so when in doubt, be sure to 
measure. A commercial dummy load may be 
specified as having a VSWR of 1.2 overa fixed 
frequency range, and may never present 50 + 
jOQ at any frequency. 


ALTERNATIVES 

YOU CAN ALSO determine the delivered 
power to your load as PR, assuming you have 
an accurate RF ammeter and impedance meas- 
uring device, or as V*/R assuming you have an 
accurate RF voltmeter or oscilloscope. A ca- 
lorimetric load is used by professional trans- 
mitter manufacturers, designers and broad- 
casters when they want a really accurate meas- 
urement of RF power output, and this requires 
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Fig 3: MFJ 9420 PA efficiency vs mismatched load. 
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accurate coolant flow and temperature meas- 
urement, not to mention knowledge of the 
specific gravity of the coolant, or humidity if 
the coolant is air, etc. 

Unprocessed single sideband voice modu- 
lation requires less average current from the 
power supply than tone modulation or typical 
Morse CW, so the PA may produce higher 
peak transient power outputs for SSB voice 
than for CW, unless your power supply is very 
well regulated. If the power supply voltage 
regulation is reasonably stiff and its current 
rating is conservative, the peak envelope power 
and CW output power may be the same. You 
can consider the PEP value to be the CW value 
over one RF cycle at the maximum level of 
modulation. Normal voice transients don’t stick 
around long enough to cause the typical power 
supply to sag as much as it will during a key- 
down situation. Have you ever measured the 
DC voltage supplied to your PA while the key 
is down or your modulation density is high? 
How much does it sag? You might be sur- 
prised. 

Since the radiated field intensity is propor- — 
tional to the square-root of the power output 
from your transmitter, a receiver would hardly 
see any change in signal strength from a 9420 
operating into the full range of loads within a 
3.0 VSWR circle on the Smith chart according 


to Table 1. One S unit is typically considered © gig 4: smith chart showing MFJ 9420 output power against output load. 
to be 6dB, and the worst relative field for the * 
3.0 VSWR circle data in Table | is 64 percent 
Load PAinput PAinput Resistor Load PA Relative or -3.9dB. Therefore, one might conclude that 
impedance current power voltage power _ effic. field as long as the reduced PA efficiency and stabil- 
19 +j8 165A 224W 30Vpp 6.0W 27% 82% -1.7dB Bye ae tel nels ewan) ee 
28 + j8 LAI 192 40 79 38 89 -1.0 the load impedance down to the nit? Ifyou are 
34 + j8 1.35 18.4 4A 72 39 89 1.0 voice modulating, the average modulation 
41+]8 1.16 15.8 50 77 49 92 0.7 depth is relatively light compared to some 
47 +8 1.09 148 53 15 5] 9] 08 other modes, and the duty cycle of a normal 
56 +j8 1.03 14.0 56 70 50 88 ony QSO allows the PA to cool quite a bit between 
68 + j8 0.95 12.9 58 62 48 83 6 transmissions. Of course, if your chosen mode 
82 +j8 0.84 114 63 6 53 82 17 has a high modulation density and high duty 
100 +j8 0.79 10.7 66 55 5] 78 22 cycle, then you should be more ee 
120 +j8 0.72 98 65 ed 45 70 31 about mismatch. But in the case of the 9420’s 
150 +j8 0.67 91 68 39 43 66 36 MRF477 PA, even with the worst-case 30 
28 -j10 1.65 2.4 40 72 32 89 -1.0 VSWR load you will not be operating near the 
34 -j10 1.55 WI 48 8.5 40 97 0.3 power dissipation rating of this transistor. 
41 -j10 1.33 18.1 54 8.9 49 99 01 ' But there are other performance considera- 
47 -j10 1.29 175 58 9.0 51 100 0.0 ref tions related to load impedance. For example, 
56 - j10 1.18 16.0 58 16 48 92 0.7 will the radio be able to modulate cleanly and 
68 - 10 1.00 13.6 59 6.4 47 84 15 fully if the power supply is already taxed by 
82 - j10 0.85 11.6 62 59 5] 8] poor PA efficiency? If RF audio processing is 
100 - j10 0.82 12 65 53 47 7 23 used, will the feedback sample be degraded 
120 - j10 0.75 10.2 43 42 69 by a poor load? will PA stability be OK 
150 - j10 0.65 8.8 37 42 64 39 without modulation, but degenerate with 
33 - 543 1.47 20.0 7.0 35 88 modulation when apoor loadis present? When 
47 - 543 1.30 17.7 6.4 36 84 in doubt, play it safe and match that imped- 
56 - j43 [L.14°> T55 6.3 41 84 : Laine og: 
68 - j43 1.04 14.1 56 40 79 Keep in mind that Class C and D RF power 
33 + j53 ; 0.67 9] 34 37 61 amplifiers behave quite differently from Class 
47 + 553 0.71 97 43 44 70 AB amplifiers, and every class AB transmitter 
56 + j53 0.69 9.4 43 46 71 has a different output network, so be careful 
68 +553 0.70 95 44 46 71 that you don’t indiscriminately apply the in- 
formation contained in this article to an am- 
Table 1: How the output power of the MFJ 9420 varied for a variety of load conditions. plifier operating with a different amount of 
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bias or a different set of filters and impedance 
matching networks. 

In conclusion it appears that when the VSWR 
of the load impedance presented to an MFJ 9420 
is kept below 3.0, the worst reduction in signal 
strength one can expect is about 4dB, which is 
less than one S unit. Some additional good news 
is that if you define 10W PEP as an official QRP 
level for SSB, then you will probably never 
violate this limit by operating a 9420 into a 
mismatched load. Admittedly, Fig 2 is not a 
terribly scientific plot of all the possible load 
impedances, but it does show a general trend to 
lead one to the conclusion that 10W output is 
only possible when the load is close to a perfect 
match and the power supply voltage is near 14V. 


RF Output Power vs Load Impedence 


The maximum RF power output I recorded was 
9.0W for a power supply voltage of 13.6V DC 
and a not quite perfect impedance match. If we 
assume that 10W is possible with a perfect 
match at 13.8V, this scales to about 12W at 
15.0V, the allowed supply voltage upper limit. If 
we assume that the accuracy of my measure- 
ments in a worse case scenario might be as poor 
as +10% of PA power, then it might be possible 
to violate the 1OW QRP limit under certain 
conditions. If you really want to ensure that you 
stay below 10W, crank back the supply enough 
to allow some headroom for the resolution accu- 
racy of your test equipment, just in case it might 
be reading a bit low. 

I invite the reader to make his own set of PA 


performance measurements for various load 
conditions, and it would not surprise me if there 
were certain loads that yielded a PA output 
power greater than that obtained with the nomi- 
nal 50Q resonant condition in other transmitters. 
Of course, this will depend on the power supply 
performance, the RF output network, the type of 
PA transistor(s) and feedback, etc. But I think if 
you characterize your transmitter’s PA perform- 
ance with an empirical set of data such as I did 
for my little 9420, then you will know exactly 
what to expect. And if you are operating QRP or 
looking for extra points in a contest by staying 
below a certain power level, it is nice to know 
under what RF load conditions you might get 
disqualified! + 


technical feedback 


PSK31: A NEW RADIO 
TELETYPE MODE 

RADCOM, DEC ’98 & JAN 799 

In addition to the implementations of PSK31 
on the DSP kits mentioned in the article in 
January 1999, a Soundblaster® version has 
been written by DL9RDZ for the LINUX oper- 
ating system and G3PLX is writing one for 
Windows®. PSK31 is also now available for 
the DSPCOM and EasyDSP multi-mode con- 
trollers. 

The PSK31 web page has moved to http:// 
aintel.bi.ehu.es/psk31.html where, in addition 
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to all the latest news and software, sound clips 
of PSK31 signals can be heard. 
Peter Martinez, G3PLX 


MYSTERIES OF THE 
IONOSPHERE 

RADCOM, JANUARY 1999 

It is stated that we are considering radiation 
from the sun, but further on x-rays and cosmic 
rays are mentioned. X-rays do come from the 
sun, but cosmic rays are said to originate from 
the cosmos. 

It was said that the lowest ionospheric layer is 


the D layer. Technically there is a lower layer, 
the C layer. Cosmic rays ionise this layer as 
well as extremely energetic particles from huge 
flaring sites on the sun. 

Gwyn Williams, G4FKH 


FACELIFT FOR A 13cm STATION 

RADCOM, JANUARY 1999 

All DB6NT and DK2DB designs have previ- 

ously been published in DUBUS, whichis fully 

bi-lingual. The designs referred to in the article 

are also in the Technik IV compendium. 
Roger Blackwell, G4PMK 
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The ‘Screwdriver’ 
Rapid QRV Antenna 


by Dr Louis Stuyt, PA3BTN*, and Hans Spits, PDONCF 


ANY AMATEURS NEED anten- 
nas which are small in comparison 
with the longest intended wave- 


length of operation, be it because of restricted 
space at home or for portability at a holiday 
location. 

The quest for ‘the-best-for-us’ car portable 
holiday antenna prompted a literature search; 
15 different Dutch, English and German-lan- 
guage books and articles were consulted, 
though only English ones are quoted here. 

We formulated the following wish-list: 

® Easy to transport 

@ All bands, 3.5-29MHz 


@ Easy to resonate and match without an ~ 


ASTU 

@ Reasonable radiation efficiency 

® Assemble in 10 minutes 

® No skyhook required 

Wire dipoles and loops were ruled out from 
the beginning: those tall trees always seem to 
be in another camper’s pitch or across a road 
with overhead power lines. That left small 
loops and short verticals, on both of which 
there is plenty of amateur literature. The loops 
cover a frequency range not exceeding 5:2, 
hence two loops would be required, of which 
the largest is difficult to fold into a boot-sized 
bundle without introducing additional, effi- 
ciency-damaging resistance losses [1]. There- 


Antenna 


Amidon 
T-106-2 


*To determine exact value, use 
a small compression variable. 


Make adjustment at 14 megs Coax socket 


Fig 1: The latest version of W6AAQ’s 3.5-30MHz 
impedance transformer for the DK3 antenna. The 
capacitor is significant only above 10MHz. 


*Breehoven 37, NL-6721 SP Bennekom, Netherlands. 
E-mail: L.c.p.m.stuyt@sc.dlo.nl 

**22 Island Wall, Whitstable, Kent CT5 IEP. 
E-mail: e2david@tesco.net 
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An updated version of the article in 
Electron (NL) 3/97 on a 10-80m 
continuously tuneable vertical for 
mobile and portable use, translated 
and edited by Erwin David, 
G4LOI** 


fore we concentrated on finding the best ver- 
tical. 

WI1ICP’s practice-oriented book [2] intro- 
duced us to the writings and products of Don 
K Johnson, W6AAQ [3], who has developed 
mobile HF radio since 1948. His DK3 model, 
the ‘ultimate centre-loaded HF whip’ and his 
latest and apparently third design bearing his 
initials is described, along with earlier mate- 
rial and many dos and don’ts, in a 1997 book 
[4]. 

Don has licensed one US company to make 
these antennas commercially and will himself 
supply any or all parts. He encourages other 
amateurs to duplicate or improve on his de- 
sign, but warns that machine shop facilities 
and skills are required. As we use this antenna 


mostly stationary at campgrounds and only 
occasionally while mobile, we made provi- 
sions not only for installation on our van [5] 
but also on a rapidly deployable earth mat of 
our own design. 


DESIGN CONSIDERATIONS 
WHAT WE HAD READ provided several 
rules: 

As the height of mobile antennas is limited 
both by statute and practicality (think of un- 
derpasses and overhead wires), its height will 
be much less than a quarter wave on the lower 
bands and its radiation resistance much less 
than the 36 of a ‘standard of comparison’ 
ground plane vertical. Ours is of the order of 
only 5.5Q at 3.5MHz. If efficiency is to be 
maximised, losses, which mainly (but not 
exclusively) result from earth and loading 
coil resistances, must be minimised. The lat- 
ter translates into a high-Q coil; 200 or better; 
that is easy on the bench, But difficult after 
exposure to condensation and dirt, 

As the antenna height represents the small- 
est part of a wavelength on the lowest fre- 
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radiator 
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of coil ies 


Decoupler 
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Inactive coil 
(inside lower. 
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Up/down 
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Drive rod 


Matching 
transformer 
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Fig 2: The principle of W6AAQ’s DK3 continuously tuneable 3.5 - 29MHz mobile antenna. 
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quency, 3.5MHz, one should strive for maxi- 
mum attainable efficiency on that band; higher 
bands will then take care. of themselves. 

Inductive centre loading is better than bot- 
tom loading, and top loading is mechanically 
impractical. A small top hat can be practical 
and is beneficial, provided it is at the top, ie 
well above the centre loading coil. One fre- 
quently sees a capacity hat directly above the 
coil but that is counter-productive, as it di- 
verts part of the RF current from the top of the 
coil through the non-radiating capacity hat 
back to the counterpoise, ie without flowing 
through the upper radiator where it does con- 
tribute to the desired radiation. Shorted coil 
windings resulting from some band-switch- 
ing schemes represent a lossy load on the 
active part of the coil, while open coil windings 
invite arcing. 

The antenna should be capable 
of being tuned to the operating 
frequency without the use of a 
tuner inside the vehicle. 

At 29MHz, the feed-point im- 
pedance of a resonant quarter- 
wave whip with the vehicle body 
as a counterpoise can be expected 
to be close to 36Q resistive. At 
lower frequencies, the radiation 
resistance will be lower, but the 
inductance required to tune out 
the capacitive component of the 
feedpoint impedance and the less 
adequate counterpoise introduce 
losses which show up as extra 
resistance at the feedpoint. 

A wide-band transformer at the 
feedpoint is adequate to match 
the antenna to the transceiver, ie 
50Q. The transformer shown in 
Fig 1 can give a good all-band 
match; its 9:16 turns ratio would 
imply an antenna feed-point re- 
sistance of only 16Q; that is about 
right at the lowest frequencies; 
the shunt capacitor is supposed to 
keep the impedance down towards the higher 
frequencies, but in our case this proved un- 
necessary: the SWR is below 1.5:1 on all 
bands without this capacitor. 

Design procedures for short vertical anten- 
nas are well described in [6]. 


THE DK3 SOLUTION 

W6AAQ’s CONTRIBUTION to the art is the 
design of a centre loading coil of which the 
self inductance is continuously and remotely 
variable from zero to the approximately 150uH 
required to tune a 2.5m mobile whip to 3.5MHz 
without compromising the Q. A patent disclo- 
sure was dated 18 March 1991. 

Fig 2 is W6AAQ’s sketch of the basic 
construction. The antenna consists of a tubu- 
lar lower radiator, a centre loading coil and a 
whip as the upper radiator. The coil can slide 
up and down in the top of the lower tube by 
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Dr Louis Stuyt, PA3BTN, a scientist (R), and Hans 
instrumentation engineer, at the Winand Staring Centre for Integrated Land, 
Soil and Water Research, where both work. Between them the DK3 antenna, 
which wears an over-size top hat for the occasion. 


The ‘Screwdriver’ Rapid ORV Antenna 


means of a motor-driven threaded rod. A ‘de- 
coupler’, consisting of a ring of finger stock 
around the rim of the lower radiator makes 
contact with the lowest turn of the coil which 
protrudes above the top of the lower radiator. 
The flow of antenna current from the feed 
point is up the outside of the lower radiator, 
through the protruding part of the coil wind- 
ing and up the whip; none of it flows through 
the coil turns below the finger stock, so these 
are electrically non-existent. One might think 
that the upper rim of the lower radiator is itself 
a shorted turn coupled to the active part of the 
coil, but it would have almost zero resistance 
and therefore create virtually no losses. 

A wide-band matching auto-transformer 
can be wound ona powder-iron toroid mounted 
near the feedpoint, either inside the lower 
radiator or in a small box near it. 


oe 


The drive motor is operated by an up/off/ 
down switch at the operating position. Ours is 
an AEA stepper motor with LC2 ‘loop con- 
troller’; unnecessarily expensive, but left over 
from a magnetic loop project. Some construc- 
tors, at the suggestion of WB6MNX, use a 
cordless electric screwdriver motor, hence 
the name ‘screwdriver’ antenna. 


OUR CONSTRUCTION 
FOR RELIABLE operation away from home, 
especially in a moving vehicle, only the very 
best mechanical construction will do. A com- 
plete construction guide is available from 
W6AAQ, but availability of a well-equipped 
and stocked machine shop and Hans’ exper- 
tise made us decide to detail and manufacture 
most pieces from raw stock. 

From the bottom, there is a PVC base rod, 
then a short aluminium tube which serves as a 


2 


Spits, PDONCF, an 


housing for the motor and the matching trans- 
former. On this the connectors for the coun- 
terpoise, coax feeder and motor wires are 
mounted. Following this is the PVC base 
insulator, which carries the lower radiator, an 
aluminium tube 900mm long x 54mm outside 
diameter (51mm inside diameter). 

Within this tube, there is a stainless steel 
rod, threaded M12, which is keyed to the 
motor shaft. The coil carrier, a PVC tube, has 
a Delrin [7] M12 nut fixed in its lower end, 
which makes the coil carrier, coil and upper 
radiator go up and down as the motor shaft 
turns one way or the other. The lowest 25mm 
of the M12 rod are undercut to 10mm to 
disengage the nut from the thread on the rod 
when the nut comes to its lowest position. A 
foam rubber bumper on top of the base insu- 
lator prevents the nut with all that it carries 
from dropping down further. The 
M12 rod is too short to push the 
coil completely out of the lower 
radiator. The coil carrier is kept 
centred in the lower radiator by 
two PVC rings. 

The coil itself is the most dif- 
ficult part to make. A lathe and 
good craftsmanship are essen- 
tial. Imm-deep grooves in the 
coil former are needed for 150 
turns of 1.5mm diameter silver- 
plated copper wire. Other con- 
structors have used PVC tubing 
for the coil former but we thought 
that too flimsy, especially after 
cutting grooves into it. Also, PVC 
has rather high RF losses; we 
therefore used a_ solid 
polyethylene core, in spite of the 
extra weight. For best Q, the turn 
spacing should be roughly equal 
to the wire gauge. We used a 
pitch of 2.54mm. The estimated 
Q of this coil is 275. 


Bac 


The decoupler. Finger stock at the top of the lower 
radiator makes contact with the loading coil wire. 
NoRF current flows in the coil turns below the point 
of contact. 
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The earth mat, ready for transportation. 


The exact diameter of the coil former can 
be determined only after the finger stock has 


been fitted into the upper rim of the lower ~ 


radiator. Our beryllium-copper finger stock, 
the kind used to make the doors of shielding 
cabinets RF-proof, was ordered from the USA. 
To fit the 51mm inside diameter of the lower 
radiator, we used a 158mm long strip with 34 


fingers, each 7mm long x 4mm wide. The - 


strip is fastened with five stainless M2 bolts, 
heads inside, with washers and nuts on the 
outside, as shown in photograph 2. A plastic 
ring protects the fingers from external dam- 
age. The coil diameter now must be chosen so 
that both the outside of the windings as well as 
the spaces between turns are within the spring 
travel of the fingers. There also must be clear- 
ance between the five M2 bolt heads and the 
coil wire. 

Having tried with a sample first, we ended 
up with a former of 46mm diameter and wire 


grooves Imm deep for an over-the-turns di- 
ameter of 47mm. 

One end of the coil wire is fixed in a small 
hole drilled into the former at the low end of 
the wire groove; the wire then is wound into 
the groove under tension (froma gloved hand!) 
on the lathe. The top end of the wire runs 
straight up through a slot in the former to a 
brass ring which is held in place on top of the 
coil by a Hustler QD-2 quick-disconnect cou- 
pling; the latter provides for easy installation 
and removal of a selection of upper radiators. 
The coupling is firmly threaded into the coil 
former, as this connection must withstand the 
considerable bending moment exerted on it 
by the upper radiator in strong winds. A 
plexiglass cover keeps rain, dirt and insects 
off the coil and finger stock. The photograph 
right shows the completed coil. 

If an N-type coax connector is used on the 
antenna, it may be considered weatherproof. 


Hinges 
between 


battens 


The earth mat, deployed under the DK3 antenna. One quadrantis drawn for clarity. 
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[G4LOQI can provide would-be construc- 
tors of the PA3BTN and PDONCF version of 
the antenna with a detailed illustration of the 
construction, plus annotated text. A hard copy 
is available in exchange for a SASE and a 
First Class stamp to cover the cost of photo- 
copying. Soft copies, DK3MECH.JPG and 
README. TXT, are available in exchange for 
a pre-formatted 1.44MB diskette and a SASE. 
Finally, the illustration and text may be found 
on the RSGB web site (www.rsgb.org/news/ 
radcom/screw.htm) - Ed/ 


The centre-loading coilinits plexiglass cover. Only 
half of its 150 turns are visible and in the RF current 
path. 


COUNTERPOISES 

WE HAVE PROVIDED three ways of erect- 
ing the antenna. The base rod fits the socket of 
the XYL’s rotary clothes line on our patio. 
Away from home, a fold-up stand for such a 
clothes line makes a light but sturdy pedestal 
as shown in the photo on page 17. 

For use with these two methods, we de- 
signed and made an earth mat which can be 
quickly deployed without having to untangle 
amass of wires, and repacked for transport. It 
features 60 radials of insulated stranded wire, 
each 2.5m long, to go with an antenna height 
of 2.5m. See photos left and top left. The 
radials are divided into four groups of 15, with 
their ends stapled to four battens, each of 
which is articulated in three places to permit 


RSGB TECHNICAL COLLECTION 


folding into a W-shape. The 15 radials in each 
group are interconnected at the battens and at 
two intermediate distances between the cen- 
tre and the battens. At the centre, all radials 
are terminated on a saucepan which has a hole 
for the antenna base rod. 

Also attached to this saucepan are two 
heavy straps to connect the earth mat to the 
earth point of the antenna. 


The ‘Screwdriver’ Rapid ORV Antenna 


EXPERIMENTS 
WE HAVE TWO upper radiators: a 1.55m 
maximum telescopic whip and a 1720mm x 
10mm diameter aluminium tube, on top of 
which we can fit a capacity hat of four hori- 
zontal spokes 500mm long x 4mm diameter, 
or a 0.8m whip, or both. 

With the antenna installed on the described 
earth mat in our garden, measurements were 
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Active turns 


——— Tube 1-72m + top hat 
—~———— Tube 1:72m + whip 0:8m 
—-———«-- Tube 1:72m 


configurations. 


<< eee: 
Frequency (MHz) 


—e——+ Tube 172m + top hat + whip 0°8m -»«———e~ Telescopic @ 155m 


Fig 3: Active coil turns required vs. frequency with various upper radiator 
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Tube 1:72m 


The third way of erecting this antenna is on 
the steel roof of our van by means of a 
Tennamast quad mag mount. 

The implications of a metal vehicle roof as 
a counterpoise are well described by G6XN in 


[8]. 
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—»——— Tube 1:72m + whip 0:80m 


Fig 4: 2:1 SWR bandwidth vs. frequency with various upper radiator configurations. 
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Frequency (MHz) 
-e——< Tube 1:72m + top hat + whip 0:80m -»———e— Telescopic @ 155m 


—~-——-— Telescopic @ 143m 
—-——+ Telescopic @ 0-62m 


taken with an MFJ-259 SWR Analyser in- 
stalled 300mm from the antenna feedpoint. 
The results are plotted in Fig 3 and Fig 4. 
Fig 4 shows the number of active coil turns 
vs. frequency for each of the seven upper 
radiator configurations mentioned. With ei- 


ther the 1.55m telescopic whip or the 1.72m 
tube, all bands 3.5 to 21MHz are within the 
coil range. 28MHz requires the whip to be 
telescoped down to 0.62m. The latter is shorter 
than we expected, but that does not interfere 
with the way we operate. 

Fig 4 shows that at 3.5MHz, the only band 
where the SWR bandwidth is narrower than 
the band itself, a taller radiator and/or a capac- 
ity hat increase the bandwidth, and also that 
the whip above the capacity hat has little 
effect. 

Performance measurements on the DK3 
antenna are scarce. Mobile field trials, such as 
are occasionally held in California, compare 
complete mobile installations in a variety of 
vehicles, not just antennas. Of 17 entries in 
one 1995 75m trial organised by W6KKT, six 
were DK3s. These were significantly outdone 
only by a single-band design with an enor- 
mous funnel-shaped top hat. DK3s equalled 
or bettered single-band designs of similar 
dimensions. 


RESULTS 

OUR DK3 HAS been extensively used with 
up to 100W in QSOs with other nearby holi- 
day makers as well as for DX, the latter mostly 
with CW. Performance was entirely satisfac- 
tory. 

Does the convenience of quick remotely 
controlled band-hopping and retuning after 
QSY in the 3.5MHz band justify the effort and 
expense of making a DK3, as compared with 
a design featuring interchangeable centre load- 
ing coils for each band and a small bottom 
loading roller-coaster or moving a powder- 
iron core into and out of the low-band coil [9] 
for in-band tuning? We think so. 
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Touch 


Sensitive 


Keyers 


by Geoffrey Walsh, GM4FH* 


ARK TWAIN described the report 

as ‘highly exaggerated’ on hearing 

ofhis own demise; the end of Morse, 

often predicted, seems a long way off. To me 

the durability of Morse, one way or another, is 

comparable to those twin certainties, death 
and taxes. 

I am a medical physiologist interested in 

the control of muscles, a subject on which I 
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Fig 1: The simplest form of touch contact sender. 
The IC (a CA3140) has only 8 pins, so the unit can 
be very compact and construction is extremely 
simple. The current drain of the onel constructed is 
only about 2.3mA. 


have written a book [1]. Iam a member of the 
Museum of Communication and have written 
several articles for the newsletter Transmit- 
ting. One article dealt with ‘Telegraphists’ 
Cramp’ [2], another on an attempt to use the 
sense of taste to pick up Morse signals in 
early, noisy aircraft [3], another [4] deals with 
“Telegraphists’ Cramp in 1922’. One has dealt 
with the physiological uses of Morse keys [5]. 

I have now started to investigate finger 
control when playing the recorder [6]. There 
are many degrees of freedom, many alterna- 
tive ways of fingering the instrument! Other 
measurements [7] have been on highly skilled 
players of the bagpipes, a study appropriate 
for attention in Scotland! 


A STRAIGHT TOUCH SENSITIVE 
SENDER 

AS A RATHER inactive CW enthusiast, it 
occurred to me that the system I had devel- 
oped for my experiments could form the basis 
of methods of sending Morse without a me- 
chanical key. This journal has already had an 
article by G3BIK on a touch keyer [8] but my 
system is different. The component count of 
the basic circuit is lower and there has been 
development of the most suitable ways of 


*64 Liberton Drive, 
Geoffrey. Walsh@ed.ac.uk 


Edinburgh EHI6 6NW. E-mail 
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interfacing with finger movements. 

The first two projects were for ‘straight’ 
sending. The simplest uses just one opera- 
tional amplifier, three resistors and a diode 
(Fig 1). The procedure is made possible be- 
cause the operational amplifier selected has 
very high input impedance, and the very small 
currents employed can thus be detected. Earth 
for the hand is provided by the metal box. 
QRP enthusiasts who not only use low power 
but may also want their equipment to be 
physically small may, by drawing power from 
the Tx supply, get away with something 


“smaller. The small space needed for the elec- 


tronics could be in the transmitter case and the 
contacts on the panel. This version uses a 
CMOS operational amplifier type CA3140 as 
IC1. The manufacturers’ figures show that 
when running at +15V the current drain is 


- typically 4mA, but in this example a single 


ended supply of 9V is used so it will be less. 

The conductor is a plain brass button 5/8in 
in diameter, obtained from a haberdashery 
counter at a large departmental store, insu- 
lated from the box by a tap washer, and glued 
in place with Evostik® (see photo above). It 
was easy to solder a wire to the ring at the back 
of the button. 

I found this arrangement keyed my FT-290 
without any difficulty and an ‘on air’ test 
proved satisfactory. In this transceiver the key 
up voltage is 7V and the key down current is 
only 0.3mA, so the circuitry has no difficulty 
in sinking this quite tiny current. D1 may not 
be necessary; I put it in to ensure that too high 
a positive voltage did not reach the keying 
circuitry of the Tx. 


lambic touch keyer. Alternative touch sensors may 
be plugged into the front panel DIN sockets. 


place. When the finger makes contact, the 
voltage on the non inverting input falls below 
that on the inverting input, the output voltage 
drops and the transmitter is activated, current 
passing from the key socket into the opera- 
tional amplifier through D1. The action de- 
pends on skin conductivity; exceptionally dry 
skin may need to be slightly moistened, al- 
though this problem is quite exceptional. 


SECOND STRAIGHT TOUCH 
SENSITIVE SENDER 

I THOUGHT IT would be an interesting 
project to build a second straight version with 
its own sound generator, for practice when not 
on the air. The circuitry is shown in Fig 2. The 
first stage is similar to the pf€vious version, 
but it is followed by another operational am- 
plifier in the same chip which inverts the 
signal and drives a buzzer. Here I used a twin 
version of the same amplifier, the CA3240. 
When running at +15V the drain is typically 
8mA. | also incorporated a transistor which 
would be capable of dealing with heavier 
currents than merely the output of an opera- 
tional amplifier. 

As they stand, these systems are not suit- 
able for use with valve transmitters, where a 
negative rather than a positive voltage may 
have to be taken down to earth. They could, 
however, be adapted by the use ofareed relay. 
In any event, the keying requirements should 


The inverting in- 
put, marked with a 
negative sign, is 
held by the resist- A 
ance divider R2 
and R3 at a little 
below the positive 
rail. When the fin- 
ger is not in contact 
with the disc the 
non inverting in- 
put, marked with a 
positive sign, is 
held above this by 
R1, so the output 
of the amplifier is 
positive and no 
transmission takes 


O 
Touch 
contacts 
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buzzer on. 


ICi CA3240 
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On/Oft/On 
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Fig 2: Straight sender with option to use a piezo buzzer (a Maplin CR34M). The 
power is off when S71 is in the central! position, to one side power is on and 
buzzer is on, to the other side power is on and buzzer is off. When practising 
without being connected to the transmitter it is appropriate to use the buzzer. 
When transmitting, if the transmitter generates a side tone, it may be more 
pleasing to have the buzzer off. S2 enables the unit to be on continuously. This 
facility my be of use in checking power levels of the transmitter, VSWR, etc. The 
quiescent current drain is about 3mA and about 9mA when activated and the 
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be checked first to see if the specification is 
being appropriately met. 


IAMBIC SENDERS 

THE NEXT PROJECT was an iambic keyer. 
I had no ambition to devise the appropriate 
logic circuitry; this has already been done by 
others. I bought a small ICOM board (IC- 
EX243) for a modest sum. 

Doubling up the electrical side was straight 
forward. The circuits were based on copies of 
that in Fig 1, but the two amplifiers were 
provided by one 8 pin chip, type CA3240. A 
6 volt supply from four AA batteries in a 
holder provided power. I dispensed with the 
diodes. If a higher supply voltage had been 
used they might have been essential for safety. 

The ICOM module is designed to work 
from a mechanical key which shorts the in- 
puts to earth. This can easily be driven, being 
almost no electrical load. A piezo buzzer can 
be switched in between the positive supply 
and the output of the ICOM module to provide 
a tone when practising off the air. The quies- 
cent drain was about 7.5mA and about 12mA 
when activated with the buzzer on. A two- 
pole two-way switch could reverse the inputs, 
so that dots or dashes could be generated by 
touching either disc. 

The main question about iambic keying 
was the arrangement of the contacts. Should 
one use thumb and index finger, as is custom- 
ary with the usual twin horizontal paddles? 
The only design I could come up with along 
these lines was somewhat clumsy; I cut a 
piece of double sided circuit board and fixed 
it with a small bracket, using insulation and 
plastic screws, to the end of an aluminium 
box. This is not the only interface which can 
be satisfactory. The QRP Company can sup- 
ply twin vertically operated keys, manufac- 
tured by DK1 WE, for use with iambic keyers. 
These are very attractive products. 

I decided to try a similar arrangement for 
the touch contacts. This proved good, but 
other possibilities can be considered. To use 
contacts not on the box but on a board a foot 
or two away may be convenient; but for this it 
is essential to use twin individually screened 
leads or there may be interaction between the 
wires, the currents being minute. 


Selection of touch keyers. Left: Vertical blade iambic keyer. Centre: lambic keyer with built-in electronics. 


Using this arrangement I made up, for ex- 
perimental purposes, a number of alternatives 
which could be connected in parallel to the 
inputs, using DIN connector plugs, so that the 
various arrangements could be easily tried 
and compared. I liked, in particular, an ar- 
rangement with three buttons. The centre but- 
ton.is earthed and the outer ones connected to 
the circuit inputs. In operation the middle 
finger remains down on the middle contact 
and the first and third fingers touch the other 
ones as required for sending. The tendons of 
adjacent fingers link the movements to some 
extent, it is surely easier to move the first and 
third fingers independently rather than the 
first and second. This is probably the prefer- 
able method. The touch keyers work well with 
such a module and it is possible easily to 
experiment with different geometrical arrange- 
ments for the brass discs, or whatever else is 
used to pick up the finger contacts. Thus 
finger control may be optimised, ie modifica- 
tions of the ergonomics of iambic sending can 
be tested which would be much more difficult 
to do with mechanical keys. 


TOUCH SENDERS FOR THE 
DISABLED? 
MORSE WAS FIRST used for land based 
telegraph circuits, and only much later for 
radio communication. But there is another use 
too. Some severely disabled people, suffering 
from motor neurone disease and other condi- 
tions are unable to speak or write, but have 
good intellects. With the muscle action of 
which they remain capable they may be able 
to operate a switch. I am in touch by e-mail 
with a group, mainly based in the USA, who 
are active in using Morse - which these people 
know or learn - to control computers. The 
group is known as MORSE2000. More infor- 
mation may be obtained from a page on the 
World Wide Web at http://www.uwec.edu/ 
Academic/Outreach/Morse2000/ 
morse2000.html 

One e-mail message I recently read says of 
a person “a user of EZKEYS-Morse, who has 
set up his own home page, who runs a small 
business, who corresponds with numerous 
individuals via e-mail, all with the one single 
movement under his control, a thumb that 


Right: Touch pads. The operator rests the wrist on the rectangular pad and keys by touching the buttons. 
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Touch Sensitive Keyers 


moves 1/8in”. 

There are systems for operating a word 
processor programme by a Morse input and it 
is likely that touch contacts of the type de- 
scribed, with suitable modifications, may be 
easier for the disabled to operate than me- 
chanical keys. 


CONCLUSIONS 

TOUCH SENDERS may have significant uses; 
their simplicity renders construction suitable as 
an educational exercise for beginners in elec- 
tronics; they can be compact and extremely 
inexpensive alternatives to mechanical keys; 
and are of particular potential use in low power 
work. They allow the exploration of an almost 
indefinite number of options for alternative fin- 
gering methods for iambic working, and may 
prove to be the most suitable way in which 
disabled people can control word processors. 
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Inside the iambic keyer. The ICOM module can be 
seen on the left. The small piece of Veroboard on 
the right carries the circuit shown in Fig 2. 


57 


Designing AT Us 
Using a Spreadsheet 


By John Robinson, G3MPO* 


AM ONE OF those who does not have a 
‘classical’ trapped dipole, a beam or any 
other recognised antenna. Rather, I use a 
short non-resonant doublet fed with low-loss 
twin feeder anda 1:1 balun which, after carefull 
trimming of the feder lengths, allows me to 
work all HF bands. The feedpoint impedance 
always includes reactive elements and the re- 
sistance varies widely. No 70Q pure resistance 


Antenna 
feed 
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Fig 1: T match ATU. X1 is the variable ‘tuning’ 
capacitor reactance, X2 is the variable ‘loading’ 
capacitor reactance, X3 is the coil reactance, X is 
the antenna feedpoint reactance, r is the antenna 
feedpoint resistance, and s is the RF resistance of 
the coil. 


here! Without an ATU, I would be unable to 
transmit significant power on any band, but my 
transceiver with its commercial T match ATU 
and home-brew linear with its pi output appear 
happy enough, although the settings often seem 
a bit strange. Whilst delighted at overcoming 
the limitations of my QTH, I have been aware 
that, despite all seeming to be well, I could be 
aprime candidate for the sort of ATU problems 
and losses that the books hint about but fail to 
clarify how much, under what circumstances 
or what to do about it. After many months of 
gentle rumination, I decided to bite on the 
bullet and work out the electrical design for- 
mulae for the two most common matching 
devices - the T and Pi networks - and in that 
way, try to answer some of the questions that 
have been worrying me. 

For example: 

®@ How big does an ATU inductance have to 
be in terms of coil diameter, wire thickness, 
wire spacing and inductance? Or, rather, how 
small can it be? 

@ What values of variable capacitor are 
required? 

@ Which is best - a T or pi match? 

@ What scale of losses can occur, under 
what circumstances, and what can you do 


———$——————————— 
*10 Greenways, Highcliffe, Christchurch, Dorset BH23 SAZ. E-mail: 
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about it? 

@ How does a reactive component in the 
antenna affect performance and design? 

My end objective was to be able to design 
and size a network (ATU) to feed the sort of 
odd-ball antenna like mine that really does 
require one in order to work at all. 

The result was two spreadsheet programmes 
that allow you to type in the characteristics of 
your transmitter and antenna system, and which 
then responds by calculating the values, char- 
acteristics and sizing of the ATU components 
required, together with the resulting ATU 


“losses. The programme was written for 


Microsoft® Office and Works Excel 
spreadsheets, and instructions are given here 
on how to write your own version, even 1f you 
are a computer novice. 


THE CALCULATIONS 

CIRCUITS FOR T and pi networks are shown 
in Fig 1 and Fig 2 respectively. They differ 
from the normal simple ‘L, C, R’ representa- 
tions only insofar as the RF resistance of the 
coil(s) and the reactance on the antenna 
feedpoint (X) have been added. 

For those familiar with ‘j’ notation, the 
impedance of the antenna system feedpoint 
has been taken to be (r + jX), where r is the 
resistance and X is the reactance. (X is nega- 
tive if the feedpoint reactance is capacitive and 
positive ifit is inductive). Similarly, when both 
resistive and reactive elements are included, 
the impedance of the (ATU) coil becomes (s + 
jX3). (The coil resistance dissipates power 
which will show up as ATU losses). Finally, 
the variable capacitors have been assumed to 
have no resistive component and are therefore 
written simply as jX1 and jX2. 

The mathematics turned out to be straight- 
forward, if tedious, and I ended up quite quickly 
with equations which gave the following:- 

(1) A useful rule which says that for the 
simple case of a non-reactive load and an 
inductance with zero resistance, there is a 
simple relationship for both types of ATU 
between the reactance of the inductance (X3) 
and the square root of the product of the PA 
output resistance, and the antenna feedpoint 
resistance (r). 

Thus, in the case of the T network, (Fig 1), 
the reactance of the inductance must never be 
less than the square root of the product of the 
PA load and the antenna feedpoint resistance, 
and in the case of the pi network, (Fig 2), it 


must never be more. 

For example, if your PA requires a load of 
5000Q and the lowest antenna feedpoint re- 
sistance you will have to deal with is 20Q, then 
the inductive reactance of the pi network coil 
cannot be more than the square root of 5000 x 
20, ie 316.2Q. Similarly, for a T network with 
a PA load of SOW and a maximum antenna 
feedpoint resistance of 200Q, then the induc- 


Antenna 
feed 
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Fig 2: Pimatch ATU. Component references are the 
same as Fig 1. 


tive reactance cannot be less than the square 
toot of 50 x 200, ie 100Q. 

Once the load required by the transmitter 
and the minimum or maximum feedpoint re- 
sistance has been decided, this rule provides a 
clear mathematically justified starting point 
for the design by setting ‘first shot’ values for 
XB) 

(2) With the coil reactance, diameter and 
wire gauge chosen, the turns required for the 
coil and its length follow automatically, to- 
gether with an estimate of the consequential 
losses and, in turn, from these follow a conse- 
quential value for the (variable) ‘loading’ ca- 
pacitor reactance (X2) for any value of loss 
resistance (s) and antenna feed point reactance 
(X). 

(3) Finally, a value for the corresponding 
‘tuning’ capacitor reactance (X1) emerges. 

This was all very satisfactory, but the trou- 
ble was that the expressions were so lengthy 
that it was extremely time consuming and 
tedious to work out the results using a calcula- 
tor and also virtually impossible to avoid casual 
mistakes. The result was that, invariably, dif- 
ferent answers were obtained each time. It was 
then that I had the idea of putting the equations 
into a spreadsheet and letting the computer do 
the calculating. A major benefit was that if any 
parameter were changed, the consequent ef- 
fect on all the other parameters could be seen 
in the blink of an eye and then, ifnecessary, the 
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AH12 =AE11*0.0251 
AH13_=AE11*0.0309 
AH14_ =AE11*0.0402 
AH15_=AE11*0.0504 
AH16__=AE11*0.06 
=AE11*0.0893 


=AE11*0.115 


Table 1: Put the following numbers and expressions 
into the cells numbered as shown. 


results printed out. The spreadsheet had con- 
verted the mathematics into a very practical 
design tool. 


THE SPREADSHEETS 

THE VISIBLE PARTS of the spreadsheets are 
shown in Fig 3. They contain the columns you 
need to see and the ones you need to put values 
into. There are other columns, but these only 
hold intermediate calculations which are of no 
interest to us. There are two rows of values 
shown here for each type of ATU, but in fact 
there can be as many as you like, each perhaps 
set to a different situation. Or you can be 
satisfied with just one and set up different 
situations one after the other. The seven col- 
umns on the left are for typing in values repre- 
senting the desired performance, whereas the 
eight columns on the right give ‘“consequen- 
tial’ values, ie they are the result of the compu- 
ter’s calculations. 

In the first row, a typical linear pi output 
~ situation with a PA load of 5000Q is shown, 
working at 2MHz. The value of the inductance 
reactance used has 


Designing ATUs Using a Spreadsheet 


LOSSES 
YOU WILL probably be relieved to hear that 
I do not intend to bore you with pages of 
indigestible mathematics, but since attempts to 
deal with ATU losses quantitatively are rare, a 
word of justification and perhaps disclaimer is 
appropriate. It is traditional to talk in terms of 
loaded and unloaded Qs (notoriously difficult 
to measure) when discussing losses, but to an 
electronic engineer it is preferable to deal with 
tangible parameters such as resistance. My 
own experience in making coils (lossy and less 
lossy) is that providing air-spaced capacitors 
are used, you are not far out if you assume that 
the losses in an ATU are solely due to the 
resistance of the wire used to make the coil - ‘s’ 
in Figs | and2. The resistance of a length of 
wire is proportional to the length and inversely 
proportional to the cross-sectional area. In the 
case of DC currents, this area is simply the area 
of the wire cross section - the larger the gauge, 
the larger the area and the lower the resistance 
- but at RF the current becomes concentrated 
towards the wire surface - the so-called ‘skin 
effect’ - and the area through which the current 
flows is less than the actual area of conductor 
available and the resistance increases. The 
thickness of this ‘skin’ is inversely propor- 
tional to the square root of frequency, so the RF 
resistance of a straight length of wire is de- 
pendent on its length, gauge and frequency. 
When wound into a coil, the RF resistance is 
increased several times, according to how 


cember 1994, together with ‘straight wire’ RF 
resistance figures given in G6XN’s book, HF 
Antennas For All Locations. Then I have ap- 
plied my own empirical multiplying factor of 
three to determine the effective coil RF resist- 
ance. All this is included in the look-up table at 
AF 12 to AH18 (see later). Thus, although the 
equations built in to the spreadsheet are (or 
should be) exact, the calculation of the result- 
ing RF loss resistance is somewhat empirical 
and the accuracy of any parameters dependent 
on this cannot be taken as completely accurate. 
Fortunately, this will normally have little ef- 
fect on any of the figures, other than the pre- 
dicted loss, and even here I would expect the 
error to be no more than about 50% (which is 
still a big improvement on having no idea at 
all). 


YOUR SPREADSHEET 

FOR BOTH pi and T networks, to make your 
own spreadsheet follow the instructions given 
here using either Microsoft® Office or Works 
Excel. Remember to ‘save’ periodically, to 
avoid losing a// your hard work by accident. 
Incidentally, to see columns which are off- 
screen to the right, click on the arrow at the 
bottom right hand corner. 

Start with a clean (spread)sheet and set the 
font to Arial 10. Then use File/Page Setup/ 
Margins to set left and right margins to 1.5 cm 
or thereabouts. Highlight the area bounded by 
cells AF12 and AH18 - (click on cell AF12 and 


been set to 200Q 
(at 2MHz) and the 
antenna load has 
been set to 20Q re- 


Outputs 
Coil 
length 
mm 


resist | capac 
F 


sistance together 
with -100Q (at 
2MHz) of capaci- 
tive reactance. A 
coil of 50mm di- 


291.8 
| 291.8 


514.7 
470.6 


Coil 
induct 


Outputs 

Coil RF Tune 
length | resist] capac 
mm ohms | pF 


ameter made with 
10SWG wire has 
been chosen. Note 
that in these 
spreadsheets and 
for all these calculations, single-spaced 
windings have been assumed. 

On the right hand side, the spreadsheet 
has determined the resulting coil dimen- 
sions, together with the required input and 
output capacitances, and a prediction of 
15.7% loss (inthe ATU coil) has been made. 
By contrast, the second row shows a situa- 
tion which is identical in all respects except 
for the fact that the antenna reactance has 
been changed to 60Q inductive. Signifi- 
cantly, the required tuning and loading 
capacitances have changed substantially, to 
the extent that the loading capacitor is now 
so large that it is probably not viable. Note 
also that most of these inductances have 
turned out to be physically larger than would 
be acceptable. 
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Fig 3: The spreadsheets, as they might appear on-screen. 


closely the wire is wound turn to turn - the 
wider the turns are spaced, the lower the mul- 
tiplying factor until the ‘straight wire’ value of 
1 is reached. But as the spacing is increased, 
the length of wire required for a given induct- 
ance also increases, thereby increasing the 
‘straight wire’ resistance, so in searching for a 
minimum resistance coil, a trade-off has to be 
made between the two effects. I have found 
that a good compromise is with turns spaced by 
one wire diameter - I call this ‘single-spaced’ 
- and in this configuration the multiplying 
factor over and above that of straight wire 
seems to be about 3. 

In converting coil reactance, diameter and 
wire gauge to RF loss resistance, I have used 
the equations from G3BIK’s article “RF Coil 
Dimensions - The Easy Way’ in RadCom De- 


325.6 0.8 142.6 
20.5 0.2 53.5 


‘drag’ to cell AH18) - and click in the box just 
underneath the font name - it should say AF 12 
-and type Table (enter). This assumes that you 
are using Microsoft® Office. Ifyou are using 
Works, see later. Highlight cells A8 to G8 
inclusive then select Format/Column/Width/ 
5/OK and with the cells still highlighted, select 
Format/Cells/Number/Number and set the deci- 
mal points to 0. Do the same with cells [8 toP8 
and set the width to 7 and the decimal points to 
1. Then highlight cell H8 and set the column 
width to 1. With the page now set up, type the 
entries into the cells as given in Table 1 and 
Table 2. (Take care to type in the entries 
exactly as given, particularly the brackets). 
Use Symbol fonts for Greek characters or 
ignore them if you wish (1 is ‘m’ and Q is “W’ 
in Windows ’95 Symbol font). 
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For a T network 


Table 2: Then type the following texts into cells as shown. 


Finally, the most error-prone part - the for- 
mulae, (Table 3). All entries are preceded by 
= and consist of cell addresses and brackets 
which are critical to the successful working of 
the spread sheet. Take your time and be very 
careful not to miss-type or omit anything. 
Don’t worry if some of the cells begin to show 
strange entries, eg ########. This is because 
some large numbers are being generated and 
the column is not sufficiently wide to display 
them. This does not matter since you do not 
actually need to see these numbers, but should 
you want to, use Format/Column/Width/15/ 
OK. 

When all the entries have been made, col- 
umns I to P should show the values in the first 
row of Fig 3, and if any of the values in 
columns A to G are changed, then the values in 
columns I to P should automatically change 
correspondingly. If so, this shows that the 
spreadsheet is working and has been correctly 
filled in. If this is not the case, there must be a 
typing error in one or more of the cells. Check 
each one in turn carefully, by selecting the cell 
in question and then looking at the contents 
displayed in the box at the top of the sheet. To 
correct an error, click in the box and position 
the cursor at the point in the box where a 
change is required. Then use the keyboard and 
delete keys in the usual way, finishing with the 
usual ‘enter’. 


=(G8/(2*3.142*A8)) 
=VLOOKUP(F8, Table,2, TRUE) 
=((500*18)/(J8*E8*E8))*(1+(SQRT(1+((J8 
*J8*E8*E8*E8)/(500°18))))) 

=K8/J8 
=VLOOKUP(F8, Table,3, TRUE)*SQRT(A8) 
=(3.142*E8*K8)/1000 

=$8°T8 
=C8*(B8-C8-2*M8)+M8*(B8-M8)-(G8+D8) 
*(G8+D8) 
=2*(D8*M8*(B8-M8)-(G8*C8*C8)-D8*G8* 
(G8+D8)) 
=((C8*C8)+(D8*D8))*(M8*(B8-M8)- 
(G8*G8)) 
=(-U8-SQRT((U8*U8)-4*(R8*V8)))/(2*R8) 
=-1000000/(2*3.142*A8*Z8) 
=(C8*C8)+(Z8+D8)*(Z8+D8) 
=(C8*C8)+(D8*(Z8+D8)) 
=((Z8*Z8*C8)+(M8*W8))*((Z8*Z8*C8)+ 
(M8*W8)) 
=-(Y8/((W8*((Z8*X8)+G8*W8)))+ 
(Z8*X8/W8)+G8) 
=M8*((C8*C8)+((Z8+D8)*(Z8+D8))) 
=Z8*Z8*C8 
=-1000000/(2*3.142*A8*AA8) 
=100*AB8/(AB8+AC8) 


Table 3: The formulae the spreadsheet uses to 
make its calculations for a pi network tuner. 
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Pinetwork Inputs L4 Outputs Intermediates : 
AS Freq PA C5 Ant D5 Ant spreadsheet, select a 
E5_ Coil Wire Coil 15 Coil new, clean sheet. If 
| J5 Turns Turns M5 RF Microsoft Office 
N5_ Tune Load A6 MHz ; ; d 
B6 load load E6 diam Excel is being use 
F6 swg react J6__iper and a pi network 
| L6 length resist O6 capac . 
PE % aie D7 chm sheet already exists, 
mm ohms J7 mm there is no need to 
mm one O7 Oe enter and name the 
2 - : 
50 10 table extending from 
AF12to AH18 again 


or AE11 - just select 
anew sheet within the existing file. Otherwise, 
fill in cells AE] 1 and AF12 to AH18 as before. 
Put the following numbers in cells A8 - G8 
respectively: 2, 50, 20, -100, 50, 10, 225 and 
for the rest, use the Tables 2 and 3 with the 
following (Table 4) substitutions/additions: 

With these A8 - G8 entries, the figures in 
cells I8 to P8 should match those in row three 
of Fig 3. 

For either spreadsheet, when it appears to 
be working satisfactorily, highlight cells A8 - 
AC8 inclusive, and Edit/Copy them. Then 


“click in cell A9 and Edit/Paste/enter. A new 


row (9) is created which should look identical 
to row 8 but is quite independent from it. It can 
be used to feed in different parameters, per- 
haps for comparison with row 8, and as many 
rows as you require can be created in this way. 

Once you have the spreadsheet as you want 
it, put columns R to AH out of sight by 
highlighting cells R8 to AH8 and selecting 
Format/Columns/Hide, and then, to prevent 
any of the formulae being changed by acci- 
dent, highlight all the cells you have put data 
into in columns A - G, click on Format/Cells/ 
Protection and click on the box labelled 
‘locked’ so that the tick disappears, (ie set 
them to ‘not locked’). Click ‘OK’, and then 
use Tools/Protection/Protect sheet/OK. All 
cells not unlocked will now be protected from 
change (until you choose to ‘unprotect’ them 
using Tools/Protection/Unprotect sheet). Save 
the file for the last time. 

For Microsoft Works, use the instructions 
above but observe the following where appro- 
priate: 

1. Do not highlight AF12 to AH18 or name 
this area. 

2. When inserting text, (table 2), precede 
each entry with “. 

3. For VLOOKUP(F8,Table,2, TRUE) sub- 
stitute VLOOKUP(F8,AF$12:AH$18,1). 

4. For VLOOKUP(F8,Table,3, TRUE) sub- 
stitute VLOOKUP(F8,AF$12:AH$18,2). 

5. Use different files for different ATUs - 
Works does not have multiple sheets. 

6. To hide columns, consult Help/Hide col- 
umns in spreadsheets. Before doing so, take a 
copy of the spreadsheet - to ‘unhide’ columns 
in Works appears to be difficult if not impos- 
sible. 

7. To protect cells, unlock columns A to G 
using Format/Protection/Unlock cells, then 
Format/Protection/Protect data. 


RESULTS 

FROM ITS beginnings as the reluctant refuge 
of a mathematician who found the sums too 
intractable to handle, the spreadsheet has turned 
out to be a very versatile and convenient way 
of getting results that can be used in practical 
situations. It has for example warned me that, 
with my particular antenna system, up to 47% 
of my power could be lost in my linear pi 
network unless I take care with the character- 
istics I choose for the coil. The loss of half an 
S point in my reports does not concern me, but 
the possibility of overheating and failure of my 
linear does. At the same time, it has shown that 
no such concerns apply to my exciter’s T 
network. 

More generally, it was surprising to find that 
a pi network was more lossy than the T. For 
example, using representative pi and T ATU 
values and for nine different antenna imped- 
ances for each of the nine HF bands, the T 
network showed losses of less than 10% for 92% 
of the cases whereas, for the pi network, the 
corresponding figure was 76%. Increasing the pi 
coil reactance led to smaller losses whereas with 
the T network, the opposite was the case. An- 
tenna reactance affected the settings of pi net- 
works quite badly and tended to increase losses, 
but T networks were relatively immune, with no 
extra losses. Finally, it became clear why pi 
network high frequency coils are made from 
thick wire and copper tubing* By contrast, it 
would appear that T networks can use quite thin 
wire for the higher bands. 

As far as using these spreadsheets is con- 
cerned, remember that they churn out a bewil- 
dering deluge of information and, if you are not 
careful, you will quickly lose track of what you 
are trying to do and what determines what. The 
secret of getting the results you are looking for 
is to be clear on what you are trying to do before 
you start. For example, do you want to design a 
general purpose network or just resolve a par- 
ticular difficulty that occurs in just one situa- 
tion? Or are you trying to make good use of some 
components that have been languishing in the 
junk box for years? How important is size and 
how much loss are you prepared to tolerate? 
That decided, here are a few do’s and don’ts..- 

1. Don’t waste time on impracticable combi- 


A2 
As above 
R8 


T network 
18, J8, K8, L8, M8, N8, S8 and T8 
=B8*(C8+M8)*(C8+M8)-M8*C8* 
C8+M8)+G8*G8*(B8-C8 
=SQRT(B8*B8*G8*G8-(B8-M8)*R8) 
=-((B8*G8+U8)/(B8-M8)) 
=-1000000/(2*3.142*A8* 
=AB8 
=2*M8*G8*(C8+M8)+((G8*G8) 
-(M8*M8))*(Z8+G8 
=((C8+M8)*(C8+M8))+((Z8+G8)* 
(Z8+G8)) 
=(C8*C8)+(Z8*Z8) 
=(C8*((M8*M8)+(G8*G8)))+(M8* 
C8*C8)+(Z8*Z8))) — 
=(V8/W8)-G8 
=100*M8*X8/Y8 


U8 
Z8 
08 
P8 


v8 


ws 


x8 
Y8 


AA8 


Table 4: The formulae the spreadsheet uses to 
make its calculations for a T network tuner. 
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nations. For example, remember that the coil 
reactance rule says that, in the absence of coil 
resistance or antenna reactance, a pi coil reac- 
tance must be less than the square root of the 
product of the PA load and the antenna feed 
resistance. This means that, for example, for a pi 
network, for each band, it is the smallest antenna 
resistance that determines the coil. For a T 
network, the coil reactance must be greater than 
this square root and therefore it is the /argest 
antenna resistance that sets the coil for a given 
band (antenna reactance and coil resistance do 
affect this rule but usually, only slightly). 

2. Pi network coil reactances can only go 
down from this “square root value’ and T net- 
work coil reactances, only up. But as frequency 
goes up, capacitor reactances fall and since coil 
and capacitor reactances need to keep broadly in 
step, (and since we can usually accept changing 
coils from band to band but not capacitors), the 
capacitor sizes (pF) are going to be determined: 

a) For T networks, at the highest band fre- 
quency (as frequency decreases, capacitor 
reactances will increase and, for T networks, we 
are allowed to increase coil reactance in step), 
and 

b) For pi networks, at the /owest frequency, 
reducing coil reactance as necessary at the higher 
frequencies. 

Check out the necessary capacitor sizes at 
these points early on, to make sure they are in the 
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Designing ATUs Using a Spreadsheet 


right ball park. 

3. Don’t try to design a pi network to work 
with a solid state PA; the capacitor sizes will be 
too large for comfort. Similarly, a T network 
working with a valve PA will show impossibly 
small capacitors. 

4. If designing a general-purpose network, 
check performance over a range of antenna 
situations. Surprisingly, the required settings 
do not in general change in a predictable way 
between the antenna resistance extremes. The 
highest (or lowest) capacitor values usually 
occur in mid antenna resistance range. 

5. For a general-purpose network, you will 
find that each requirement you impose will 
carry some sort of penalty elsewhere. So when 
you are close to finishing, look to see what 
might be causing the least attractive feature of 
your design. You may find it has its roots in 
some early decision which is not so important 
and which can be changed to give a better 
overall result. All requirements interact, and 
this only becomes really apparent in the final 
stages of design. 

6. For a multi-band network, you will prob- 
ably want to use the high frequency coils as a 
component of the low frequency ones, ie coils 
will be connected in series for all but the 
highest band. Make sure that the high fre- 
quency coil losses when working at low fre- 
quency are acceptable. This can be checked by 


designing a configuration working at low fre- 
quency using a coil with the chosen high fre- 
quency diameter and wire gauge. The coil may 
turn out impossibly long, but the predicted low 
frequency losses can then be scaled according 
to the ratio of the lengths of this and the real 
(high frequency) coil. 


FINALLY 

THE STANDARD ‘fit’ of today’s comput- 
ers includes a lot of stuff that most people 
rarely use but which potentially could be 
very useful to them. Spreadsheets are one 
example which, with their comprehensive 
library of functions, have a multitude of 
uses. If this is your first brush with 
spreadsheets, why not look a little deeper 
into what they can do? You may well find 
that hidden within them, they contain the 
means of helping you out in several other 
aspects of your hobbies and daily routine. 
Try Insert/Function and see what there is. 
Log book statistics and antenna modelling 
come immediately to mind, or simply use it 
as an alternative to a calculator when a large 
number of computations is required.. 

Last but not least, this article would not have 
been possible without the hours of checking, 
advice and encouragement contributed by Brian, 
G4WEY.1am most grateful to him for his help, 
always so generously given. + 
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Build an E-Field 


Meter 


By Dick Rollema, PAOSE* 


HEN EXPERIMENTING with an- 
tennas, an E-field meter is a handy 
device to determine strength and 


direction of the electric field around them. 


FAR FIELD AND NEAR FIELD 

COMMERCIAL field strength meters usually 
employ a screened loop as an antenna. There 
is a simple formula for the voltage e,, in- 


duced in a single turn loop when positioned 
for maximum signal in a field of E V/m: 


e., = 2NEA/A 
in which A = area of loop in m? and A = 
wavelength in m. 

For performing experiments on antennas I 
constructed a field strength meter with a 
single turn loop, tuneable to all amateur bands 


Rin 
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Fig 1: Equivalent circuit ofa short dipole and the input 
capacitance and resistance of the E-field measuring 
circuit. C, and C, are both of the order of a few 
picofarad. 


10 - 160m. The simple equation for the volt- 
age induced in the loop made it easy to 
calibrate the instrument in V/m by injecting a 
known voltage in the loop from a signal 
generator. The instrument is usable down to 
about 0.1V/m, which is sufficient for the 
intended application. 

However, the voltage in the loop is mainly 
induced by the magnetic component of the 
electromagnetic field. But the magnetic field 
component H in A/m and the electric field 
component in V/m have a fixed relation given 
by E/H = 120n ohms = 377 ohms. This makes 
it possible to calibrate an instrument that acts 
on the magnetic component of the field in 
terms of the electric component. 

But the equation E/H = 377Q is only valid 


*V d Marckstraat 5, 2352 RA Leiderdorp, Netherlands. 
E-mail: d.w.rollema@gironet.nl 
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“away from the antenna. In the 


in the so called far field of the 
antenna. Close to the antenna 
exists the near field. The 
boundary between near and [ia 
far field is fuzzy but generally |~ 

acceptedas D=2L7/A, inwhich } 
L is the largest dimension of 
the physical antenna, ex- 
pressed in the same units of 
measurements as the wave- 
length A. Others state that the 
boundary is 5 wavelengths 


near field no simple relation 
exits between the E- and the 
H-field components. So if we want to know 
the E-field near the antenna this has to be 
measured directly. 

Electronic products placed on the market 
from | January 1996 must carry a CE mark 
and should comply to the immunity stand- 
ards laid down in the applicable European 
Directives. For consumer equipment this 
means the equipment should be immune to 
disturbance by electromagnetic sources like 
nearby radio transmitters producing a field 
strength up to 3V/m. When in the Nether- 
lands the owner of a piece of electronic 
equipment suffers from an EMC problem 
caused by a nearby radio amateur he can call 
in the Rijksdienst voor Radiocommunicatie, 
RDR, comparable to the RA in the UK. The 
RDR measures the field strength caused by 
the amateur radio transmitter around the af- 
fected equipment. When the E-field is less 
than 3V/m for equipment with a CE-mark or 
less than 1V/m for equipment without such a 
mark (bought before 1 January 1996) no 
action on the part of the radio amateur is 


The author measuring the E-field in his shack. 


required. When the affected equipment is 
found to be immune up to a field strength of 
3V/m or 1V/m respectively then the amateur 
either must reduce his transmitter power or 
take measures at his cost fo improve the 
immunity of the affected equipment. It is 
convenient if the amateur concerned can 
determine beforehand what will be expected 
from him before the RDR is called in. So he 
must be able himself to measure the E-field. 


DESIGN 
E-FIELD METERS use as an antenna a short 
rod instead of a loop. The voltage induced in 
such an antenna is independent of frequency 
provided: 

(a) The antenna is short with respect to the 
wavelength, say one tenth of a wavelength or 
less. 

(b) The antenna does not have to supply power 
to the measuring circuit. In other words, the 
input impedance of the circuit must be very 
high so as not to load the antenna. 

The equivalent circuit of a very short (in 
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Fig 2: Circuit diagram of the E-field meter designed by ZL2BBJ. 
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DI G4 
1N4148 


BF960 
bottom view 


Fig 3: Circuit diagram of the PAOSE E-field meter. 


wavelength) receiving dipole is shown in Fig 
1 and consists of a voltage source e, ,, repre- 
senting the induced voltage, in series with a 
small capacitor C,,, of a few pF at the most. 
This capacitor forms a voltage divider with 
the input capacitance C, of the measuring 
circuit. In order to get most of the induced 
voltage into the measuring circuit of the E- 
field meter, C,, should be made as high as 
feasible by using a fat dipole. Also, C,, must 
be as low and the input resistance R,, as high 
as possible. Both conditions are easily satis- 
fied by using a dual gate MOSFET at the 
input. 

New Zealand amateur Andrew Corney, 
ZL2BBJ, designed an E-field meter of which the 
circuit diagram is given in Fig 2[1]. The antenna 
isa 75mm long piece of wire topped with a disc 
of printed circuit board 25mm diameter. The 
meter circuitry is mounted ina metal box thatacts 
as a ground plane for the antenna. In order not to 
disturb the measurement the box is not held in the 
hand but mounted at the end of plastic tube, at 
least 1m long. 

I preferred to use a short dipole, which needs 
no ground plane, so the only task of the metal box 
is to protect and screen the circuitry of the meter. 
And so the circuit of Fig 3 emerged. The 
amplifier is now a balanced one using two 
dual gate MOSFETs. The difference voltage 
between the drains is rectified by D5, a ger- 
manium point contact diode. The DC voltage 
so obtained is fed to Op Amp IC1 that drives 
the meter. As an indicating instrument I used 
a small square one with 270° deflection. In its 
former life it had been given a scale in percent 
with FSD corresponding to 120%. I decided 
to make this 120% reading equivalent to a 
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Battery 
test 
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field strength of 12V/m, so the original scale 
could be used simply dividing the reading by 
ten. The meter deflection is linear down to 
about 1 V/m, where the reading is about 20% 
low. I simply keep that in mind. Due to effects 
of the surroundings, the field strength usually 
varies considerably, even with a small change 
In measurement position, so there is no point 
in aiming at high precision. Nevertheless, 
perfectionists could draw a new scale to cope 
with the non-linearity at the bottom end. Ian 
White, G3SEK, has shown how to do that [2]. 

ZL2BBJ included a germanium diode in 
the feedback loop around the Op Amp to 
improve the linearity; an idea he had bor- 
rowed from a QRP wattmeter designed by 
Roy Lewallen, W2EL [3]. I found the diode 
made things worse rather than better, so I left 
it out. The moving coil meter I used is not 
very sensitive at 2mA FSD, but that does not 
matter at all because the Op Amp can easily 
supply the current. Almost any meter of suit- 
able dimensions could be used. Re- 
sistors R18-R20 of course 
have to be matched to the 
meter sensitivity. To give 
some idea of what to ex- 
pect, in my instrument a 
field strength of 10V/m 
produces 0.38V RF be- 
tween A and B at the in- 
put of the meter and 
1.16V DC at the output 
of the Op Amp. 

The gain of the TRI 
and TR2 must be the 
same, but this is often not 
the case due to spread in 


& 4 


The components are mounted on perforated board. 


Build an E-Field Meter 


the characteristics of MOSFETs. If the gain is 
not equal then common mode voltages, picked 
up by the antenna as a whole (not balanced as 
in the dipole mode) would also give a deflec- 
tion of the meter. The gain can be equalised 
by connecting a resistor in parallel with the 
resistor in the source circuit of the stage with 
the lower gain, so increasing the standing 
current and with it the transconductance of 
the MOSFET and at the same time decreasing 
the negative feedback at the source. These 
resistors are indicated as R11 and R12 in Fig 
3. Only one of them has to be used, of course. 
The gain can be checked by connecting an 
RF signal source between common and first 
point A at the input and then point B, and 
noting the deflections of the meter, which 
should be equal in both cases. Even simpler 
is to connect A and B together and feed a 
common mode signal into them. Resistor 
R11 or R12 is then selected for minimum 
deflection of the meter. 

Preset potentiometer RV1 is set when cali- 
brating the E-field meter. R18 was first omitted. 
A first attempt to calibrate the instrument showed 
that RV1 had to be set to about 670Q. The 
adjustment was rather critical and R18 was then 
added, producing a much smoother control. 

ZL2BBJ provided his instrument with a sec- 
ond measuring range of 50V/m. I only use a 
single range of 12V/m because in my station this 
value is sufficient. Those who wish to provide 
a second range can easily do so by replacing S2 
by a three way switch and adding a second pre- 
set potentiometer. The circuit has just sufficient 
headroom for ranges up to 50V/m. 

The 33Q resistors at gate 2 of TRI and TR2 
prevent parasitic oscillations at VHF. For L1 
and L2 I used air core chokes because they 
were already available. But modern moulded 
ones with a value of 820uH or 1mH would be 
just as suitable. Capacitors C5 and C6 de- 
crease the negative feedback at high frequen- 
cies in order to maintain a flat frequency 
response. ZL2BBJ used 33pF but I needed 
47pF. The E-field meter now has a response 
that is flat within 10% from 280kHz to 5OMHz. 
There is even a useful 
response at 
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Endcap 


Copper pipe 
15mm dia 


Self tapping 


Solder tag 


Aluminium square stock 
10 x 10mm. Holes threaded 


Fig 4: Antenna assembly of the PAOSE E-field meter. 
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Fig 5: Set-up for calibration. 
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Dimensions in millimetres 


136kHz and 144MHz, 
but the calibration is no 
longer valid there of 
course (30% low on 
136kHz). 

I wanted a visual indi- 
cation that the meter is 
switched on. A LED 
would require about 
20mA, which is just as 
much as the whole of the 
measuring circuit takes. 
This I found unaccept- 
able, because of the rather 
limited capacity of the 
PP9 type battery. I there- 
fore used a flashing red 
LED Dhesewicanmbe 
bought as such, the flash- 
ing circuitry included in 
the mounting. The one I 
used was marked ‘12V’, 
but it performs perfectly 
at 9V. I measured the av- 
erage current at 2mA, 
which hardly adds to the 
total current taken by the 
circuit, and the flashing 
light shows even better 
than the steady one of a 
normal LED. 

S2 permits the meter 
to read the battery volt- 
age under load. I first put 
a variable resistor in series with the meter 
instead of R19 and R20 and made the meter 
read ‘100%’ on its scale with a new battery. I 
then measured the resistance required with a 
digital multimeter and made up the same 
value by connecting fixed resistors from the 
standard range in parallel. 

The short, fat dipole antenna is made of 
two 10cm long pieces of 15mm diameter 
copper water pipe. I later added discs of 
printed circuit board at the ends of the dipole, 
each one 6cm in diameter. The end loading 
almost doubled the sensitivity of the instru- 
ment! 


CONSTRUCTION 

CONSTRUCTION WAS very much deter- 
mined by materials that were on hand. Fig 4 and 
the photographs show the result. The meter is 
housed in a diecast box. The circuit common is 
not connected to the box, so is electrically float- 
ing. 

I consider PCBs fine for mass production 
but a waist of time for one-off projects like the 
present one, so I used perforated board with 
metallised holes instead. Normal perforated 
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Lexan plate 
5mm thick 


+ 4 


for metric M4 


_ board would be just as good. I did not make a 


drawing for the wiring but simply started plug- 
ging components into the board starting at the 
input end of the circuit. I took care however that 


_ the balanced amplifier became more or less 


symmetrically situated with respect to the centre 


line of the board. The common bus isa piece of 
heavy copper wire. For pre-set potentiometer 
RV1 [used a normal potentiometer, with the 
shaft shortened to about 4mm. Witha hacksaw 
I made a slot fora screwdriver in the head of the 
shaft. The potentiometer is mounted ona bracket 
against a wall of the box. A hole in the wall gives 
access to the pot during calibration of the E-field 
meter. 

I thought it advisable to keep the dipole some 
distance away from the box to avoid screening 
effects. The antenna is mounted on a piece of 
Lexan, a material which is mechanically very 
strong, but Perspex could be used as well. 
The Lexan plate is attached to the box by a 
piece of square aluminium stock with holes 
tapped for M3 screws, but other solutions 
suggest themselves. To keep construction 
simple, the two halves of the dipole are not 
in line. This has no effect on operation. 

The end caps on the two copper pipes are 
normally soldered on, but I secured them by self 
tapping screws so the dipole can be taken apart 
easily if necessary. 


COMPONENTS 


Resistors 


SRE Se Oe 1N4148 
DStee ey germanium point contact diode, eg OA71 
Dee ere eee flashing red LED, panel mounting 
BF960 


Miscellaneous 
OV Battery 


SPST miniature toggle 
2 oss in ieee cea gkdaecoasss SPDT miniature toggle 
Diecast aluminium box 120 x 94 x 61 mm 

Perforated board 

Printed circuit board, single or double sided, for antenna 
loading discs 

Copper pipe 15 mm diameter 

End caps for copper pipe 

Aluminium stock, square 10 x 10 mm 

Lexan plate, 5 mm thick 

PVC tube, 40 mm diameter 

Bolts, nuts, washers (M3 and M4) 

Self tapping screws 

Soldering tags 
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I found that the meter reading is affected 
when the instrument is held close to the body. 
I therefore attached a 45cm long piece of 40mm 
diameter PVC tube to the lid of the box by two 
M4 screws. 


CALIBRATION 

TO CALIBRATE THE E-field meter the in- 
strument has to be positioned ina field ofknown 
strength. One way to achieve this was sug- 
gested by ZL2BBJ [1]. Two metal plates with 
sides ofat least | meter are placed parallel to each 
other ata distance of | meter. Ifa voltage of for 
instance 10V is applied between the plates, a 
field of 10V/m is formed between them. The E- 
field meter is positioned at the centre between 
the plates and positioned for maximum re- 
sponse. RV1 is then adjusted for a reading of 
10V/m on the meter. 

ZL2BB/J connected one plate to the voltage 
source (his transmitter, loaded by a dummy an- 
tenna) and the other to earth. I found that the 
deflection of the meter increased when moved 
from the centre towards the ‘hot’ plate and de- 
creased when moved towards the earthed plate. 
This was unexpected, because the field between 
the plates is supposed to be uniform. I therefore 
changed to asymmetrical set-up, as shown in Fig 
5. The reading now remained the same around the 
centre position. It only increased somewhat when 
the E-field meter came close to either of the plates. 
I assume this was caused by direct capacitive 


coupling between the plate and the half of the 
dipole nearestto it. The DVM reads the maximum 
value of the applied RF voltage minus the thresh- 
old voltage of the diode. luseda germanium one. 
For a field of 10V/m the DVM therefore should 
read 10V2 - 0.3 = 13.8V. The 50Q resistor 
provides a proper load for the signal source. To 
avoid disturbing effects from for instance the 
connecting wires, alow frequency band (80m or, 
better still, 160m) should be used for calibration. 
Imade the two plates from hardboard, with sides 
of 107cm, covered on one side by aluminium foil, 
pinched from the kitchen. They are held at a 
distance of 1m by PVC tubes in the four corners 
and one near the middle. 

The first attempt at calibration took place in the 
shack, the two plates standing upright on the floor. 
The source was a Rohde & Schwarz power signal 
generator. | was concerned thatthe metal frame in 
the concrete floor might disturb the field between 
the plates. I therefore repeated the calibration 
outside, the plates standing on a plastic garden 
table. Asasignal source | useda home-made QRP 
transmitter, tuned to 160m and fed from a 12V 
battery in series with a variable resistor to control 
the output. The result was the same as in the shack. 

lalso tried the set-up used by ZL2BBJ with one 
plate earthed (the balun was then omitted). It 
produced the samereading as the symmetrical set- 
up, provided the E-field meter was positioned at 
the centre between the plates, justas prescribed by 
ZL2BBJ. 
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PHOTOGRAPH: PAOSE 


Set-up for calibration. Below can be seen the QRP- 
transmitter with balun and digital voltmeter ontop. 
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technical feedback 


SGC SG-2020 REVIEW 
RADCOM, MARCH 1999 
All radios with software 1.04 and above have 
atune feature. Momentarily depress the PBT; a 
tone will be there for five seconds and there- 
after when the PTT is depressed. 

Also, CW can be operated with the PTT 
button. 

P Cooper, SGC Inc. 


POOR MAN'S CAESIUM CLOCK 
RADCOM, JANUARY 1999 

Apparently some crystal oscillators are slow to 
start. The common activity 1OMHz crystals 
vary a bit, so it may be necessary to reduce the 
value of R10, but only by the amount necessary 


to ensure ready starting. 
Dave McQue, G4NJU 


TECHNICAL FEEDBACK 
RADCOM, FEBRUARY 1999 
There is an excellent article to add to G6XN’s 
list: ‘A Logarithmic Audio Speech Processor’, 
by William E Sabin, Communications Quar- 
terly, Winter 1997. 

Iam in the process of building one, as could 
use the extra 6dB! 

Wayne Cooper, AG4R 
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THE ART OF SHUNTING METERS 
RADCOM, MARCH 1999 
The third paragraph in column 2 should read: 
“From this it should be apparent that the current 
through the shunt (Ishunt) is equal to the total 
current (Itotal) minus the current through the meter 
(IFSD) or:” 

Bruce Edwards, G3WCE 


RATING OF MASTS AND 
AERIALS 

RADCOM, AUGUST 1998 

Following the request for information in 
‘Helplines’, | received three responses from 
members, all of whom live in Scotland. These 
replies indicate clearly that the ‘rating’ of 
masts only takes place in Scotland, and then 
only in certain local authority areas, notably 
Glasgow, Strathclyde, Central and Fife. 

A legal opinion obtained in 1980/81 indicated 
an arguable case to take to the Courts, but that the 
costs of doing so (even in the unlikely event of 
success) would well outweigh any savings in rates 
payable. Whilst the Society met the expenses of 
obtaining the opinion, it was not felt prudent to 
pursue the matter and I believe that current funds 
will not stretch to a further attempt at litigation. 

Geoff Bond, G4GJB 


> 


RSGB NFD 1998 
RADCOM, NOVEMBER 1998 
The photograph of some aerials and a rain- 
bow, credited to myself, was actually taken 
by Derrick Webber, G3LH/J. 

Andy Stafford, G4VPM 


TECHNICAL TOPICS 

RADCOM, MARCH 1999 

The soldering hint by KE4TFE about putting 
a diode in series with the AC supply is a good 
one, but the suggestion that the power is 
reduced to a quarter of its normal rating is 
incorrect. The power is, in fact, halved. 


Alan Betts, GOHIQ 


OST have now corrected this. 
Pat Hawker, G3VA 


BACKPACKER TRANSCEIVER 
RADCOM, SEP-DEC 1998 
Not all 1N4007s are suitable as PIN diodes. 
Motorola are fine, but some unbranded de- 
vices I have come across meet the 1N4007 
spec as a rectifier, but have much shorter 
recovery times. This means they won't act 
properly as PIN diodes. 

Peter Chadwick, G3RZP 
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Radio Effects of the 
1999 Total Eclipse 


By GH Grayer, BSc, PhD, G3NAQ* 


HIS ARTICLE deals only with observ- 
ing the eclipse by radio. If, however, 
you intend to observe the eclipse visu- 


ally, act by the official advice given (references 
[1, 7]) otherwise your sight could be at risk. 


THE ECLIPSE 

FOR MOST PEOPLE the eclipse of 11 August 
will be a once-in-a-lifetime occasion. It will be 
the first time for 72 years that a total eclipse has 
been visible from mainland UK. The next will 
not occur until 2090. Fig 1 shows superim- 
posed on a map of Europe the path of totality 
[1] - where the sun is completely covered at 


some instant - while the rest is in the region of © 


partiality where the sun will be seen to be partly 
obscured. Fig 2 shows the geometry. 


LINKS WITH THE EARTH 

RADIATIONS FROM the sun are continu- 
ously bombarding the earth. Infra-red (heat), 
light, and ultra-violet originate mainly in the 
photosphere, and vary little in intensity. X- 
rays, gamma rays and radio waves emanate 
mainly from the outer regions, and vary enor- 
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mously with solar ac- 
tivity. All these electro- 
magnetic radiations 
travel in straight lines 
at the speed of light. In 
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Umbra 


Penumbra 


addition, charged par- 
ticles flow out from its 
multiple poles (‘coronal holes’), following the 
interplanetary magnetic field until they are 
deflected towards the polar regions by the 
earth’s magnetic field. 

The ionosphere is formed by the interaction 
of these solar radiations with the earth’s atmos- 
phere, with the exception of the non-ionising 
radio, infra-red and light. Although these 
radiations disappear every night, they do so 
rather slowly, and only on the dark side of the 
earth. The effect of their sudden removal dur- 
ing an eclipse enables us to study the character- 
istic time with which the ions recombine, giv- 
ing clues to the processes involved and ulti- 
mately leading to a better understanding of the 
ionosphere. But we can only observe these 
changes indirectly, by observing how the 
propagation of radio waves changes. To fore- 
cast what we will hear on a radio set covering 
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Fig 1: Path of the eclipse across the UK and Northern Europe. Lines either side of path of totality (dark grey) 
show the percentage of the sun eclipsed. Times are given at intervals along the path. Reproduced from 


[7] by permission of S Bell. 
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Fig 2: Geometry of the solar eclipse. 


the long, medium, and short wave bands dur- 
ing the eclipse requires an understanding of the 
basics of propagation. 


INTERPRETING PROPAGATION 


IONOSPHERIC 

Longer distance propagation requires areflection 
off one or other layer of the ionosphere. This 
occurs due to the free electrons in the ionised gas 
(‘plasma’) which comprises the ionosphere. The 
energy which does not travel along the ground is 
knownas the sky wave. Fig 3 shows that, depend- 
ing on the frequency of the wave and the state of 
ionisation characterised by f,*.. and f, , several 
possibilities exist. Fig 3a shows thatthe sky wave 
may pass through the ionised layer completely 
(ff,,.),); or (Fig 3b and Fig 3c) be returned to earth 
only above a certain minimum distance knownas 
the skip (f<f,,.,. ff); or (Fig 3d) the sky wave 
returned to earth atall angles (f<f,). Inthis lastcase, 
the layer is said to be blanketing; ie no waves 
penetrate to reveal what is present higher up. Of 
course, atsome higher frequency, the layer will no 
longer be blanketing. 

Notethetwo parameters used to characterise the 
layer are f,,,,., the maximum usable frequency, ie 
the highest frequency justreturned to earth; and f,, 
the critical frequency, ie the highest frequency 
returned to earth at vertical incidence. This is 
the quantity measured by conventional iono- 
spheric sounders (ionosondes). 


FADING 

If the receiving station is located within an area 
which receives ground wave and sky wave, they 
will not generally be in phase, so interference (ie 
vector addition of the two waves) takes place 
which can enhance or diminish the signal. The 
ionosphere is never completely stable, however, 
so neither are the signals. Fading can also be the 
result of interference between two sky waves 
reaching the receiver by different paths from one 
layer, or from different layers. 


D REGION 

The D Region (altitude 65-90km) is the lowest 
part of the atmosphere in which ionisation 
level is significant, but because collisions are 
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frequent, absorption is high and free electrons 
are soon attached, so that reflection is unim- 
portant. During daylight hours, the ionisation 
in the D Region results in absorption of Me- 
dium Frequencies and below (less than, say, 
3MHz), so normal reception is confined to 
stations within a few hundred kilometres re- 
ceived via ground wave. During the eclipse, 
the re-combination of ions and electrons will 
take place rapidly, allowing E-layer propaga- 
tion such as is heard at night on the medium and 
long wave bands. The 1.8MHzband should show 
such behaviour. The effects on the VLF bands are 
uncertain, and should be carefully observed. 


E REGION 

During the daytime, E-layer (altitude 90-120km) 
propagation dominates the lower end of the HF 
spectrum. A singlereflection from the E Layer has 
arange up to about 2400km. The E Layer ionisa- 
tion, similarly bereft of its source during the 
eclipse, will re-combine over a longer period - 
many minutes rather than seconds. The effect will 
be observed first on the higher frequencies - on 
7MHz the skip will get longer; nearer stations will 
disappear. As the blanket E-layer disappears, 
longer distance F-layer propagation may take 
place. Similar effects should occur on 3.5MHz, 
only more slowly. 

Some of the ions formed from metallic atoms 
end up in states where capture of an electron is 
‘forbidden’, and can survive for hours. Thus they 
are unlikely to be affected by the eclipse. It is 
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Fig 3: Asimplified picture of ionospheric reflection 
as the transmitted signal is reduced in frequency, (a) 
to(d). The relation to the Maximum Usable Frequency 
(fy) and the critical frequency (f,). M denotes the 
maximum single hop distance, and S the minimum 
skip distance. The ground wave is not shown. 
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Radio Effects of the 1999 Total Eclipse 


these ions which are believed to make up the 
thin, high density patches of ionisation which 
appear from time to time known as Sporadic- 
E. These produce reflections back to earth 
from the upper end of the HF spectrum to as 
high as 200MHz. However, Es layers are so 
thin that they are penetrated by the longer 
wavelengths and can thus be 


observations, you will have a smug sense of 
your time not having been wasted if the skies 
are cloudy! 


CHANGES IN MUF 

The simplest exercise, which we recommend for 

schools and young people without special equip- 
ment or a source of cash, is to 


ignored on the 3.5 and 7MHz 


bands. 73kHz 
128kHz 

F REGION 

The F Region (altitude 120- | 3.760MHz 

300km) extends from the top | 7.060MHz 


of the E Region (where there 
is a minimum in the ionisa- 
tion) and essentially merges 


1.933 or 1.937MHz* 


(14.265 or 14.359MHz*) 
if there is sufficient interest. 


monitorthe Longand Medium 
wave bands and note the sta- 
tions audible at any one time. 
Apart froma suitable radio cov- 
ering these bands, a cassette 
recorder would be useful to 
record stations heard for later 
identification. This would be 
facilitated by the World Radio 


with the solar wind. Under 
normal conditions, the ionisa- 
tion of this region is the high- 
est, but the particle density is 
extremely low. As a result, the 
ion recombination rate is also very low. Hence 
the eclipse is likely to have little effect at the 
upper end of the HF range. 


SOLAR OBSERVATIONS 

SO FAR WE HAVE dealt only with the effect of 
the eclipse on the earth. However, there is another 
completely different field ofstudy which the solar 
eclipse enables. This is the study of the sun itself. 
The possibility is to use the passage of the moon 
across the sun to determine the precise position of 
radio sources on the sun itself. This is called 
occultation; the moon acts as a huge shield, cutting 
off the radiating source as it passes in front. A 
unique position can be determined for discrete 
sources by observing their disappearance and re- 
appearance; while the general solar radiation de- 
creases continuously as the moon covers the sun, 
then re-appears in the same way. 

This type of experiment is described by 
Emerson [2], in which observations were made 
of the solar noise at 144MHz during two partial 
solar eclipses. The eclipse of May 1994 oc- 
curred near a minimum in the solar cycle and 
showed only normal solar noise spread across 
the solar disc. The other took place near solar 
maximum (July 1991); in this case discrete 
sources were found, and their positions and 
radio brightness (source temperature) deter- 
mined. In the case of position, this was within 
3 arc-minutes (1/20 degree). By comparing 
with a photograph made at the same time, the 
sources were determined as being close to, but 
not co-sited, with a sunspot cluster. 


OBSERVING THE ECLIPSE 

YOU HAVE A wide choice of possibilities 
how to optimise your eclipse experience. 
This will depend on your level of commitment 
and confidence, whether you act alone or as 
amember ofa group, and, of course, whether 
you want to join the lemmings in the rush to 
the south-west, or are content to collect data 
from home. However you do your radio 


Table 1: Eclipse SSB net frequencies. 
*Atthe discretion of the Net Controller; 
depending on QRM; please checkboth 
frequencies. Actual frequencies used 
will depend on QRM. 


TV Handbook {3}. 

Most broadcast sets have 
a very poor frequency 
readout. A communications 
receiver, ifavailable, would 
be much better. Failing this, a crystal calibra- 
tor giving marker pips at 1MHz, 100kHz, or 
10kHz intervals would be extremely valuable 
- see [4] pp.2-10,11 for constructional de- 
tails. Chasing the identification of stations 
with exotic languages is a lot of fun, as well 
as educational! Finally, the distance and di- 
rection of these stations could be plotted 
against the progress of the eclipse. 

Wewouldexpectthe majority ofradio amateurs 
and serious short wave listeners, however, tojoin 
in our LF/HF eclipse nets and send us copies of 
their observations. These will be most valuable if 
youtake the trouble to calibrate your S-meterindB 
beforehand (or even after!). This programme 
could give useful scientific information, and your 
reports will be analysed atthe Rutherford Appleton 
Laboratory. Everyone submitting reports will be 
eligible to receivea special certificate commemo- 
rating the 1999 eclipse. 

Finally, for those who hate nets, prefer VHF, 
orhave some otherreason notto participate so far, 
you might like to consider carrying out the solar 
noise experiment previously described [2]. Ifyou 
want to be really ambitious, you could try to 
observe on more than one VHF/UHF frequency 
at once, giving some spectral information on the 
solar emissions. This would be an interesting 
summer vacation project for a school science 
group or university students. 


REPORTING NETWORKS 

As part ofan RSGB/RAL (Rutherford Appleton 
Laboratory) collaboration, it is our aim to form 
SSB nets on the frequencies given in Table 1, 
normally used by the Worked All Britain awards 
group, who have kindly agreed to co-operate. 
We would also like to encourage CW nets for 
those who prefer Morse, especially on 73 and 
128kHz, where the effects could be surprising. 


DATES AND TIMES 


The official observational period of the nets 
will be 0830 to 1230UT, though there is no 
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1999 ECLIPSE - RADIO REPORT FORM 


CALLSIGN/BRS: NAME: LOC/WAB: 
DATE: FREQ: ADDRESS: 


TIME UTC | STATION | POSITION | SIGNAL NOISE TIME UTC | STATION | POSITION | SIGNAL NOISE 


Fig 4: Format of the report form for net participants and listeners. Use this as a template for generating your own forms, or as a basis for a PC spreadsheet (in this 


case do not double-up the reporting columns). 


objection to operation outside this period for 
discussions and exchange of information. Those 
intending to participate are asked, if possible, to 
register the day before and the day after, between 
the same times, and fill in the same report forms. 
This will enable the controllers to establish the 


level of activity, locations, names, etc, and for | 
participants to get used to the procedure, to mini- 


mise time lost during the observation period. The 
day after will offer the opportunity for a post- 
mortem and de-briefing; stations might like to 
compare their results, and establish any missed 
data. 

As far as the experiment is concerned, it is 
essential to have a record of the normal signal 
strength between stations at the same time of day 
in the absence ofan eclipse. If there is significant 
geomagnetic activity on one of these control days, 
the nets may be re-formed; we can of course do 
nothing ifthere is activity during the eclipse itself 
Stations must attempt to maintain the performance 
oftheir equipment constant during this period, and 
not to change power output. 


OPERATING PROCEDURES 

During your period of participation in the net, you 
are asked to record the signal strength for each 
transmission made by other members in the net, 
even if not audible. Transmit only your call and 
location (eg G3NAQ IO91HL), using phonetics 
for the letters, and then a carrier or SSB tone for 
15-20 seconds. This allows an accurate signal 
strength assessment, remembering that it may be 
necessary toadjustthe RIT formaximum reading. 
Thenet controller will then leave several seconds 
forameasurement of the background noise before 
announcing the callsign of the next station. 

You may, of course, join or leave the net at 
any point, but the most valuable observations 
will be those made throughout the observing 
period. To join the net, just announce your 
callsign between overs. To leave the net, just say 
‘73° clearly after giving your call and locator. 


REPORT SHEETS 

Fig 4 gives the format ofa report sheet. These 
can be used for sending-in your observations, 
though we would prefer your observations via 
e-mail or on a PC compatible disk. We can 
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accept the spreadsheet programs EXCEL, 
LOTUS or QUATTRO-PRO, using a similar 
layout. An Internet address is given at the end 
of this article. 

The first two lines are for details of the 
reporting station. Listeners may use BRS, 
ISWL, or any other identification in place of 
callsign. Your position should be given in the 
LOC/WAB slot. The preferred position indica- 
tor is the six-character [ARU Locator knownas 
LOC [6]. We will also accept WAB area from 
UK operators. Both are acceptable from the 
point of view ofresolution. Listeners may give 
geographic latitude and longitude if they are 
unaware of the other two. Name and address are 
optional, though the address is a useful cross- 
check of the position information. DATE is 
obvious, FREQ should be the net frequency in 
MHz for HF or kHz for VLF. Please concen- 
trate on one band only. 

The columns below are for your reports. 
TIME (note UTC = ‘GMT? is used - subtract 
one hour from British Summer Time); STA- 
TION (callsign), and POSITION (LOC or 
WAB) refer to the station being reported. The 
report, given preferably in dB above intrinsic 
receiver noise, is entered in the SIGNAL col- 
umn. If you are unable to calibrate in dB, then 
use whatever units your S-meter provides. If 
there is rapid fading, include details, eg ‘23- 
28dB’. The S-meter reading in the absence ofa 
net station, ie between overs, should be noted in 
the NOISE column. 


WHAT YOU CAN DO NOW 
IT IS CERTAINLY not too early to start 
preparing for the eclipse. 

Firstly, we need net controllers. Volunteers 
should be experienced in net control and 
confident that they understand what is re- 
quired in this case. They need a high perform- 
ance antenna and equipment. They should 
state the bands they could operate, in order of 
choice. We will choose for each band, on the 
basis of experience, a net co-ordinator, and 
give him details of all other volunteers as- 
signed to that band. It is up to him to organise 
the nets; these should be set up the day prior 
to the eclipse. Stations who register on the 


frequencies listed will be assigned anet control- 
ler and frequency. The starting size of a net 
should not exceed 15 stations; this allows up to 
5 more to join in, as it is hoped that overseas 
stations will join during the eclipse, when propa- 
gation changes (we are making our European 
friends aware of this project).A net occupancy of 
20 at one minute per over implies one transmis- 
sion per 20 min from each station; any larger 
interval would be unacceptable. 

Secondly, if your S-meter is not calibrated 
accurately in dB (and even if it was once), you 
should calibrate it as described later. 

Finally, make report forms using Fig 4. 


* 
REDUCTION OF DATA 
YOU WILL PROBABLY want to plot your 
data in a meaningful manner. For this, a per- 
sonal computer with a spreadsheet or plotting 
program will savea lot of effort, butit is equally 
valid to plot by hand. You will need a map of 
Western Europe. Since you will need to write on 
it, you may prefer to cover it with a transparent 
sheet and use marker pens. Alternatively, use a 
soft pencil which can later be erased. 

We suggest you do the following. First, plot 
the position ofall other net stations. Draw lines 
between your location and the others. Mark the 
path of totality; this will tell you which paths 
should show the most effect, ie those which lie 
along the path of totality first, then those which 
cross the line of totality, finally those increas- 
ingly distant from the line of totality. 

Now plot for each path the signal strength 
(vertical axis) against time (horizontal axis). Esti- 
mate the difference in signal strength between the 
lowest and highest point for each trace; mark this 
figure on the appropriate path line on the map. 
These should fall into a pattern. See if you can 
interpret them with the information given in this 
article. We will be doing the same! 


LUNAR OCCULTATION 

WE DESCRIBED EARLIER how AA7FV/ 
G3SYS identified the exact position of the 
origin of radio noise on the surface of the sun, 
by means of the occultation method. Darrel’s 
OST article is very readable and informative, so 
if you are interested in this slightly morechalleng- 
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ing project, I suggest that you get a copy of his 
reference and read it. 

Any modern DX station should have no 
trouble detecting solar noise on the VHF/UHE/ 
microwave bands; comparative observations 
on the different bands (144MHz - 47GHz) 
could give useful information about the mecha- 
nism involved in its production. This reference 
is also useful for showing a simple receiver 
noise detector and integrator with variable time 
steps, which can be used as an interface to a 
meter, chart recorder, or computer. 
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direct address 1s: http://www.keele.ac.uk/depts/ 
por/eclipse.htm 

If you have questions which cannot be an- 
swered on the Internet, you can contact us by e- 
mail: radio.eclipse@rl.ac.uk or by post at: Ra- 
dio Eclipse, RAL, Chilton, Didcot, 0X11 0QX, 
enclosing a self-addressed stamped envelope 
(SASE) for your reply. Single copies of ‘How 
to calibrate your S-meter’, “The Amateur Radio 
Eclipse Network’, and reference [2] may also be 
obtained from this address on receipt of an 
SASE. Your results should also be sent to either 


You could try measur- 
ing the percentage polari- 
sation of the solar radia- 
tion onthe VHF and UHF 
bands. The Faraday ef- 
fect ([5], p.2-62) rotates 
the direction of polarisa- 
tion as it passes through 
the ionosphere, so that 
the direction of polarisa- 


50 ohm 
system 


of these addresses. Ifyou 
would also like a hand- 
some Certificate of Par- 
ticipation, please send us 
an A4 size SASE along 
with your results. 


S-METER 
CALIBRATION 


75 ohm 
system 
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WHY CALIBRATE? 


tion will be lost; how- 
ever, the direction will be 
continuously changing 
due to the disturbed state 
of the ionosphere caused 
by the eclipse. Ifa linear 
polarised antenna is used, plotting the signal as 
a function of time should show a sinusoidal 
curve, the difference between minima and 
maxima indicating the degree of polarisation. 
This could give useful information regarding 
the mechanism of generation. 

You might also like to consider imitating 
another of Darell’s achievements; the second 
eclipse was observed completely automatically 
from his home, while Darrel was many miles 
away observing the eclipse visually! 

Further information on making solar noise 
measurements near the 144MHz band is given 


in [8]. 


FURTHER INFORMATION 

See references [1] and [7] for easy reading and 
practical advice. For those wishing to learn 
more about the sun and its effect on planet earth, 
reference [9] is highly recommended. For a 


modern, authoritative, but highly readable book — 


on the sun itself, see [10]. 

For those with Internet access, the prime 
eclipse website is: http://www.hermit.org/ 
Eclipse1999/ 

This has a connection to the main UK website 
via links: http://www.eclipse.org.uk/ 

Adding ‘radio’ to the end of this address 
brings you to the Rutherford Appleton Labora- 
tory (RAL) site, co-ordinating amateur involve- 
ment in the ionospheric experiments. http:// 
www.eclipse. org.uk/radio 

This will link with the RSGB Propagation 
Studies Committee site, where you can expect 
to find the latest updates on the projects sug- 
gested in these pages, copies of this and relevant 
material, and any information you send us 
which we think will be useful to others. The 
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Fig 5: Pad for matching 50 and 75Q systems. 
Suggestions for practical values: 43.3R is 
made up from series 33R and 10R; 86.6R is 
made up from series 69R and 18R. In either 
direction, the insertion loss is 4.6dB. 


Measurements have 
units; the recognised unit 
ofrelative signal strength 
being the decibel (dB). In 
order to compare the 
measurements from different observers they 
must be given in dB. Inaddition, the calibration 
of your equipment is a good exercise in the art 
of experimental science, and can be useful for 
giving objective reports of QSB, antenna com- 
parisons, processor compression, etc. The guy 
at the other end will be impressed! 


WHAT IS AN S-POINT? 

Most S-meters are marked in ‘S-points’ (1 to 9) 
and then numbers of dB above S9. In my 
experience, very few are meaningful in having 
aconsistent value of the S-point. One exception 
ismy Kenwood-Trio TS-8208S, which follows 
very linearly a calibration of one S-point=6dB, 
the original definition. You could however just 
ignore S-points and calibrate directly in dB. 


THE SIGNAL SOURCE 

You will need a stable signal source within the 
range of the receiver. This could be a signal 
generator, a crystal calibrator, or a transmitter 
run at very low power. An off-air signal is the 
last thing to consider, because propagation is 
never stable, certainly not to a few dBs. A 
simple two-transistor HF source is given in [4], 
p. 8-2. The source must be well screened if you 
are to successfully calibrate down to the bottom 
end of the range, as there must be no leakage of 
signal around the attenuator. 


ADJUSTING THE LEVEL 

Ifyou are using a commercial signal generator, 
this may have its output already calibrated indB 
relative to some fixed level, eg 1 uW. Itmay be 
calibrated in power level, normally microwatts 
(mW), in which case these must be converted to 
dBs by the formula 10 log, ,(P2/P1), where P1 


is an arbitrary power level. Sometimes the 
output ofa generator is marked in volts, millivolts 
(mV) or microvolts (mV). These may be con- 
verted to a dB power ratio, remembering that 
power is proportional to V*, so dB=20 log, ,(V2/ 
V1). Again, V1 may be chosen arbitrarily. For 
those not mathematically inclined, many elec- 
tronic reference books give tables of linear 
ratios of power and voltage corresponding to a 
range of dB values, eg [4] p.11-6. Any outside 
this range can be derived by adding dB and 
multiplying the corresponding ratios. Thus, 
23dB = 10dB + 10dB + 3dB= 10x 10x2=x 
200 (power), or x 14.2 (voltage). 

If your signal source does not include a 
calibrated output, you will need a variable 
attenuator. Generally these are switched, and 
should have a minimum step of 1 or 2dB. You 
will need in addition fixed attenuators to add up 
to about 100 dB. 

Itis important to note that attenuators only 
give the correct value when the input and 
output are correctly terminated by the imped- 
ance for which they are designed. You cannot 
rely on the impedance at the antenna socket to 
be its nominal value. The same is true of many 
signal sources. We overcome this by using 
fixed attenuators either side of the variable 
attenuator, to ‘isolate’ it from any incorrect 
impedance. The larger the attenuators, the 
better the isolation, but the signal source has 
to be beefy enough to be able to supply full 
scale deflection on the S-meter with these 
attenuators in line. At least 6dB attenuators 
are recommended, though 3dB can be used if 
signal strength is a problem. 


IMPEDANCE MATCHING 

Most of the amateur radio equipment today 
matches a nominal 50Q impedance, though 
older equipment (and many signal genera- 
tors) will be 75Q. You may well find surplus 
75Q attenuators much cheaper than their 50Q 
counterpart. 

You can use either 50 or 75Q attenuators 
(but not in combination). Where the nominal 
impedance of either the receiver or the genera- 
tor differ from the impedance of the 
attenuators, you need a matching unit. Fig 5 
shows a circuit designed to match 50Q to 75Q 
and vice versa. It consists merely of two 
resistors, which should be mounted using the 
connectors as supports in a small metal box 
(soldered-up tin is ideal), the leads being kept 
as short as possible. Take care not to overheat 
the resistors when soldering them in position. 


CONNECTIONS 

Connect your signal source to the input of your 
variable attenuator via a fixed attenuator, and 
the output of the attenuator again via a fixed 
attenuator to the receiver, using good quality 
coaxial cable of the correct impedance. If you 
are using a calibrated generator, the variable 
attenuator and one fixed attenuator are omit- 
ted. It is best if you place the receiver and 
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Output 


Antenna socket 


Racal 
RAI7 


receiver | 
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Fig 6: (a) The simplest set-up for S-meter calibration. Each unit must match the same impedance, and 
connections are made using co-ax cable of the same impedance. The 6dB attenuators are to isolate 
any impedance mismatch at the receiver or generator from the variable attenuator. Earth connections 
are made with heavy copper braid. (b) A more complicated set-up with generator and receiver being 
matched to 75Q, while the available attenuators are 50Q. Two pads as shown in Fig 5 have been used. 


source some distance apart, to minimise direct 
pick-up. Make sure also that any units supplied 
with an earth connection (usually the signal 
generator and receiver, but also possibly the 


variable attenuator) are electrically joined to-” 


gether, preferably with thick braid, and then to 
a good earth connection. 

The simplest set-up using an uncalibrated 
signal source is shown in Fig 6a. An example 
using a signal source and receiver designed to 
match 75Q, but retaining the SOQ attenuators, 
is shown in Fig 6b. 


SET-UP AND CHECK 

Leave your signal source and receiver switched 
on for at least half an hour before calibration, 
to let them reach a stable temperature. During 
this time you can do the following: 

Tune your receiver to the frequency of the 
signal source, choosing a quiet frequency if the 
source is tuneable. With the variable attenuator 
set to zero, turn up the output of the signal 
generator to ensure you reach full scale deflec- 
tion of the S-meter. If not, you need a stronger 
signal source. Now unplug the output of the 
variable attenuator, moving the cable well 
away. Check that there is no deflection of the 
S-meter when you tune the receiver through 
the generator frequency. If there is, you have 
leakage of the RF past the attenuator circuit. 
Eliminate this before proceeding, by improv- 
ing your screening or increasing the distance 
between generator and receiver. If all else fails, 
it may be necessary to wind each end of the 
coax on ferrite toroids to eliminate currents on 
the outer of the coax. 


PRELIMINARY ADJUSTMENTS 

Most S-meters have provision for adjusting the 
zero reading and the sensitivity. Look in the 
handbook, if you have one, otherwise look for 
two adjustable potentiometers in the meter 
circuit. If you have any doubt about the func- 
tion of any adjustable, do not move it. Instead, 
calibrate the S-meter as it is, skipping the next 
two paragraphs. 
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ZERO ADJUSTMENT 

With the receiver connected to an attenuator 
(so that the antenna socket is correctly termi- 
nated), but with the signal source off, you 
should hear only receiver noise. Adjust the 
zero setting so the S-meter reads S1. The 
reason I prefer my S-meter reading S1 on 
noise is that I can often read signals which do 
not move the S-meter, but cannot give a report 
of R3 or R4 and SO! 


SENSITIVITY ADJUSTMENT 

First, work out the dynamic range of the scale. 
There are eight S-points between S1 and S9, 
spanning arange of 8 x 6dB =48dB. Add the 
“dBs over S9’ (my S-meter reads up to S9 + 
40dB, making a total of 48 + 40 = 88dB). 
Subtract 6dB (one S-point) from the value 
calculated. You now need to adjust the S- 
meter sensitivity such that a change of attenu- 
ation equal to this value produces a change 
from 82 to full scale. If the adjustment does 
not cover this, set itas close as you can. You 
will need to vary the level of the source to 
achieve this, or use a combination of 
attenuators if the output is not adjustable. 


CALIBRATION 

Next, adjust the output of your signal genera- 
tor or attenuation to produce full scale deflec- 
tion of the S-meter (S9+40dB in my case). 
Now increase the attenuation (or reduce the 
calibrated output) until the next division is 
reached (S9+20 dB in my case). Make a note 
of this value. Repeat for each subsequent 
meter division. If you are using a variable 
attenuator, you will eventually run out of 
range. You must either add fixed attenuators 
or, if these are not available, re-set the output 
of your generator. To do this, note the posi- 
tion of the S-meter, reset the variable attenuator 
to zero, and reduce the generator output to get 
to the same point on the scale. You must now 
add to subsequent values the change of dBs 
in the system - because it was necessary either 
to add attenuators or reduce generator output. 


PLOT THE RESULTS 
Youare now able to plota graph of S-meter reading 
along oneaxisagainstaddeddBs. Y oushouldbeable 
to draw asmooth line through the points. Ifa straight 
line suffices, the meter is linear in dB; if itis curved, 
you may wantto usea flexi-curve or French curve to 
obtainasmooth fit. Ifyouhaveacomputerwithacurve 
fitting program, try a polynomial with increasing 
powers until the fit is satisfactory. Now measure the 
difference in dB between each point and the line 
(positive one side, negative the other). Ifitis a good 
fit, these differences shouldaddup tonearzero. Ifone 
ofthese values is very large (thatis, the pointisalong 
way from the smooth line), go back and check this 
point and ifnecessary the values of the attenuators. 
The so-called ‘standard’ or RMS deviation of the 
points from the curve is a measure of its accuracy. If 
youusedacomputer fit, the programshould giveyou 
this value. If not, square the differences you have 
calculated(they arenowallpositive),addthem, divide 
thesumby thenumberofpoints less one,andtakethe 
square root of this number. If your calibration was 
properly done, thisnumber shouldbe between | and 
3dB. 
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New Life 


For an Old Rig 


By Bruce Edwards, G3WCE* 


HE KW2000 series of SSB/CW 
transceivers has been around for a 
long time now. The basic KW2000 ap- 
peared in the early 1960s, followed by the 
KW2000A (with an extra 6146 in the PA), the 
KW2000B (with ALC and a different tuning 
drive) and K W2000E (with extended VFO cov- 
erage). They were very popular fora time in this 
country, and also exported. Then, around 1971, 
along came the FT-101. With its greater sophis- 
tication, this rapidly took over. 

There are still some K W transceivers in use, 
but (not surprisingly) very few. Afterall, to those 
with no experience of valves, and to many with, 
they must seem very primitive. But this has its 
plus side: 


Low demand = low price 


Typically, they sell for £40-£60 at rallies/ 
car boot sales; a little more through private 
ads. Not a bad buy if you can do without the 
WARC bands (or if, like me, you prefer the 
feel of hands-on radio and don’t want every- 
thing managed by microprocessor). 

However, there is a proverbial fly in the 
ointment. There are two major components that 
tend to fail, and both have been virtually 
unreplaceable. These are: 


@ = the Kokusai mechanical filter 
@ the tuning drive 


THE PROBLEM 

OVER THE YEARS, I have acquired quite a lot 
of older, mainly valve equipment. I tend to 
horde rather than collect. I like to maintain 
everything in working order wherever possi- 
ble. I found that I had several KW transceivers 
with faulty filters and tuning drives standing on 
shelves (if a tuning drive is faulty in one, there 
is no point in leaving it with a good filter). I 
solved the tuning drive problem: I had some 
specially made, but this was an expensive 
solution. The filter took a little longer. Suitable 
mechanical filters seemed to be unavailable, 
and crystal filters as used in current Japanese 
equipment would be expensive and also re- 
quire circuit changes. My thoughts then turned 
to ceramic filters. The Cirkit [1] catalogue lists 
one (Murata CFJ455K5) with an apparently 
suitable specification at a reasonable price. If 
this could be fitted and made to work in the 
Kokusai housing, circuit modifications might 
be avoided. What this would involve I wasn’t 
¥232 Earlham Road, Norwich, Norfolk NR23RH 
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sure, but I assumed some sort of matching 
would be necessary. 


FILTER FAILURE 

WITH TIME, the filter becomes lossy. The 
transceiver feels flat on receive. With a rea- 
sonable antenna connected, try tuning to a 
quiet spot on 160 or 80m and peak the pre- 
selector. Under the normal daylight condi- 
tions the S-meter will hover just above zero, 
but ifit doesn’t move you may havea problem 
that needs investigating. Also, a failing filter 
will result in loss of drive. An indication 
would be the mic gain control near maximum 
for full power output. 

In the past, Ihave opened the cans of faulty 
filters. Inside, there is the mechanical filter 
element with transducers attached, mounted 
in foam rubber, with input/output matching 
transformers on printed circuit discs at each 
end (I have found some different arrange- 
ments in filters with the some part number). 
In all cases, the foam rubber has been in a 
messy State, partially disintegrated and very 
sticky. I have tried cleaning everything and 
replacing it, and one filter improved drasti- 
cally after the treatment, but I haven’t re- 
peated the success. It seems likely that dete- 
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Fig 1: Underside of the Kokusai filter. 


rioration of the transducers is responsible for 
the failure. 

The Murata filter has an input/output im- 
pedance of 2000Q. As I had no idea what the 
impedance of the mechanical filter/transducer 
assembly would be, it seemed logical to doa 
straight swap, using the same connections, 
and see what happened. I can only assume 
that the impedances are fairly close, as it 
appeared to work perfectly. Since then I have 
been using this filter in a KW2000 transceiver 
and to date no problems have arisen. I was 
concerned that the high working temperature 
of the equipment may have some effect, but 
this appears not to have happened. 

Note that the matching transformers in the 
Kokusai filter housing serve a dual purpose: 
they match the actual filter to the outside 
world and they isolate it from DC (in fact the 
HT feed to the anode of the second receive 
mixer is via the primary of one of the trans- 
formers). Therefore the ceramic filter must 
not be connected directly to the input/output 
pins of the filter housing. 


CARRYING OUT THE WORK 
BEFORE GOING AHEAD, it obviously 
pays to be as sure as you can that the filter is 
faulty. If you have access to a signal genera- 
tor, try injecting a low level 455kHz signal to 
pin ‘G’ on the filter. This should be heard on 
the receiver as a strong signal. If possible, 
adjust the level so that the S-meter reads 
around $9+20. Now transfer the injected 
signal to pin ‘P’. If necessary, adjust the 
frequency to place the signal in the filter 
passband. A beat note of 1kHz will do this. 
Now check the S-meter reading. A healthy 
filter will resultinareading of S9+(10-15). 
If the reading is much less, then replacement 
of the filter is indicated. Note that these 
figures are intended for guidance only. 

The first stage is to remove the filter, noting 
which way round it goes and what leads go 
where. Fig 1 shows the detail. Next, holding 
itas gently as possible ina vice, carefully saw 
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Carefully cut 
2mm up from 
base and 
remove can 
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Fig 2: Where to cut the Kokusai filter open. 


around the base, as shown in Fig 2, and 
remove the can. Lift out the filter element and 
unsolder the four leads. You will now have 
an assembly which looks like Fig 3. Clean the 
space that the filter lies in. Methylated spirit 
will dissolve the residue of foam rubber. Wire 


the ceramic filter as shown in Fig 4 and wrap © 


it in tape in order to insulate the pins. You 
will, of course, have colour coded or other- 
wise marked the leads so that the ground 
connections can be identified! Place the filter 
in the appropriate space, and solder the four 
leads in place, cutting them fairly short first. 
The top of the can can now be put back in 
place, held there by three or four blobs of 
solder, and the whole filter unit refitted in the 
transceiver. 

One point that should be noted concerns 
the frequency of the carrier crystals. The 
Murata filter is intended for use with carrier 
frequencies of 453.5 and 456.5kHz. The 
Kokusai filter has crystals cut to suit its 
individual characteristics, so these may vary 
alittle. A carrier frequency that is much closer 
than it should be to the centre of the filter 
passband will result in reduced carrier sup- 
pression (remember that some 20dB of car- 
rier attenuation is provided by the filter), so 


PCB disc 


Space for 
filter 


Matching 
transformers 


a 


: en 


iE 
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Fig 3: Canremoved. Before removing the contents, 
note where the connections go and which are ground. 
Pins GandE are connected tothe top disc, pins P and 
B tothe bottom disc. 
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it is a good idea to check your carrier attenu- 
ation after fitting the new filter, particularly if 
the crystal in your rig are very far (say 150Hz) 
from the ideal. Operating the transceiver into 
a dummy load and listening ona receiver isa 
convenient way of checking. Arrange the 
coupling between dummy load and receiver 
antenna (a short piece of wire connected to 
RX ant socket) so that full output from the 
transceiver (on SSB) result in an S-meter 
reading of around $9+20. Now reduce mic 
gain to minimum, and with the transceiver 
still in transmit adjust receiver tuning until the 
carrier is head. Any S-meter reading now 
indicates that there is too much carrier. Hope- 
fully, adjustment of RV14 and C12 (to the 
right of the crystals, viewed from the front) 
will reduce it to an accept- 


New Life For an Old Rig 


ing full mains [see In Practice, March 1999 


- Ed]. 


RE-ALIGNMENT 

THE KW2000 SERIES can easily be re- 
aligned without a signal generator. All that is 
needed is adummy load anda multimeter. The 
100kHz calibrator provides the necessary 
signal for adjusting the receiver circuits, and 
the S-meter the necessary indication. It helps 
if the ‘cal’ switch is temporarily bypassed so 
that the oscillator is permanently on. 

Adjust this tuning for a beat note of around 
1kHz. This will place the signal in the centre 
of the IF passband. 

The transmitter tuned circuits can be ad- 
justed by tuning for maximum drive. Simply 

watch the PA current (PA 


able level. Ifthere is a defi- 
nite reduction (indicating 
that the adjustments do what aise 
they should) but the carrier 
is still too strong, replace- 
ment of the crystals is indi- 
cated. If possible, try crys- 
tals of a slightly different 
frequency from another 
KW rig but if all else fails, 
you may have to obtain new 
crystals (which will un- 
doubtedly come ina differ- 
ent casing, but which can 
be wired directly into the 
circuit.) However, with the 
new filter fitted, you should 
now notice a very marked 
improvement in the per- 
formance of the transceiver. 


BUYING ATA 

RALLY / CAR 

BOOT SALE Connect both 

FIRST OF ALL, assume eras aise ©RseB Rc2190 


Connect both 
leads to top 


tuning should be at reso- 
nance) and reduce the mi- 
crophone gain when it gets 
too high. (SOmA for a 
KW2000,100mA for a 
KW2000A/B). One feature 
of these transceivers that 
has caused some specula- 
tion is the reason for the 
strange wiring of the mi- 
crophone socket. The cath- 
ode resistor of the mic amp, 
instead of being connected 
straight t® ground, goes to 
a pin on the mic socket 
which is grounded when 
the microphone is plugged 
in. The reason is simple; 
when operating CW, un- 
plugging the microphone 
disables the mic amp, stop- 
ping it from producing noise 
which would be transmit- 
ted. However, most of these 
sockets were replaced, as 


that the filter is faulty. Open 
the top of the case and check 
that nothing is missing. Try 
the tuning drive for wear 
(lumpiness, sideways 
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Fig 4: Underside and connections of 
the CFJ455K5. Connectitin place of 
the oldfilter. Note thatone connection 
on each disc in the Kokusai filer 
housingis ground (examination will 
reveal which one). 


they were an early source 
of trouble. 


CONCLUSIONS 
IHOPE THIS will result in 


movement, backlash). The 
extra cautious might ask to 
see beneath the chassis, which will mean 
removal from the case. Has the wiring been 
butchered? If so, is it within your ability to 
sort out the mess? Does the rig come with a 
manual, or at least a circuit diagram? 

A transceiver that has been left ina garden 
shed for a number of years will almost cer- 
tainly require a fair amount of work. It will 
need a good clean, of course. Many of the 
resistors will have gone high in value. The 
electrolytic capacitors should be allowed to 
re-form by raising the supply voltage slowly. 
A variac is ideal for doing this, but if you 
don’t have access to one connect a 15W 240V 
bulb in the live lead ofthe mains to the rig, and 
leave like this for several hours before apply- 


some of these old rigs be- 

ing put back in to service. 

If you don’t have one but would like to try, 

it can be as much fun looking for equipment 

like this at rallies and getting it to work as it 
is actually oparating it. 

Copies of the handbook including circuit 

are available from Mauritron [2] for £12.50. 

Ican supply a suitable tuning drive (details 

on request). Fitting instructions are included. 
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An FM Spectrum 


Analyser 


By Dr Stewart Bryant, G3YSX* 


HE MOVE TO 12.5kHz FM channel 

spacing on the 144MHz amateur band 

brings with it a pressing need within 
amateur radio circles for a simple method to 
check and set the deviation of an FM trans- 
mitter. This article describes a simple but 
accurate method of measuring the deviation 
of an FM transmitter by using a multi-media 
PC as a narrow-band spectrum analyser. Cali- 
bration is solely reliant on the accuracy of the 
clock crystal in the PC sound card, and thus 
the system can be regarded as self-calibrat- 
ing. In practice it is thus possible to set the 
deviation of an FM transmitter to better than 
5% without any external calibration. 


THE RIGHT APPROACH 

THE CORRECT SETTING of the deviation of 
an FM transmitter is important for both techni- 
cal and social reasons. The bandwidth occu- 
pied by the signal is directly related to the 
deviation. The larger the deviation ofthe signal, the 
larger the bandwidth. The bandwidth of an FM 
signal is also directly dependent on 


The finished FM Spectrum Analyser. 


It is therefore important that the deviation 
of an FM transmitter and the receiver band- 
width be correctly matched, and set to operate 
within the agreed channel widths. There is no 
deviation formally specified for amateur ra- 
dio transmissions, but the commercial speci- 
fication for 12.5kHz spacing is 2.5kHz. This 
article assumes the use of the same standard 
for amateur use, but it will be obvious to the 
reader how to set the transmitter for any other 
preferred deviation. This article is also writ- 
ten in terms of the need to set deviation of a 
144 MHz transmitter, but the system is appli- 
cable to other amateur bands, for example 
setting the deviation of an HF transmitter 
when operating on 10m FM. 


AMATEUR MEASUREMENT 

THE MEASUREMENT of FM deviation is a 
subject area that has received little attention 
in amateur radio literature. In the absence of a 


to the user by voice announcement. This service 
is not yet normally found on British repeaters. 

Directreading of deviation isnormally achieved 
witha deviation meter. FM deviation meters are 
occasionally available on the second hand mar- 
ket. The MFJ224 2M FM analyser has the 
capability of measuring FM deviation as one 
of its functions. However, there remains the 
problem of how the amateur would verify the 
calibration of either of these instruments. 

A RadComarticle describing the construction 
of a deviation meter was published by G3BIK 
[2], but needed a calibrated FM signal generator 
as a fundamental reference. An approach that I 
initially prototyped was a variant of G3BIK’s 
design thatuseda DC coupled precision rectifier 
to measure the control voltage of the phase- 
locked loop FM demodulator. The use of DC 
coupling allowed the calibration of the deviation 
meter, by recording the change in meter reading 
as the carrier was tuned away from the centre 

frequency position. This 


the bandwidth of the audio modu- 
lation. The greater the bandwidth 
of an FM signal, the fewer users 
that can be supported in a given 
band. Radiousers therefore accept 
constraints on bandwidth in order 
to achieve a suitably high spectral 
efficiency. [fauser operates witha 
higher than agreed deviation (or 
maximum modulation frequency) 
their signal will spread over adja- 
centchannels, causing interference 
to other users. 

Itis also important for commu- 
nications efficiency that that the 
transmitter and receiver operate 
with commonly agreed deviation 
and maximum modulation fre- 
quency. If either is too high, the 
transmission sidebands will fall 
outside the receive passband, caus- 
ing severe distortion of the re- 
ceived signal. If the deviation is 


The internal view of the FM Spectrum Rnalest ghewilig its construction. 


too low, the output of the FM 
_ discriminator will be weak causing ‘thin’ audio. 


If the receiver IF filter is too narrow, this will 
have the same effect of signal quality as over 
deviation. If the receiver IF filter is too wide 
additional noise is received, degrading the re- 
ceived signal and reducing range. 
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promising approach was 
eventually abandoned in 
favour of the carrier null 
method, which was a 
much simpler design that 
had the overwhelming 
advantage of being self- 
calibrating. 


CARRIER NULL 
METHOD 

THIS METHOD of FM 
deviation measurementis 
the standard professional 
method of setting the de- 
viation of an FM trans- 
*| mitter. It is described in 
principle in both the ama- 
teur [3] and professional 
[4, 11] technical press. 
The carriernull method is 
| basedon the observation 


readily available measurement method, the cur- 
rent advice of the VHF Committee is to take the 
empirical approach of adjusting the deviation 
until the signal sounds right when received ona 
receiver equipped with a 12.5kHz filter [1]. 
Inthe United States, itis common forrepeaters 
to incorporate a facility to measure the deviation 
ofareceived signal and, on request, to report this 


that ifan FM transmitter 
is modulated with a pure 
sine wave, then as the deviation is increased from 
zero, the amplitude of the carrier goes through a 
series of nulls. The first null occurs when the 
deviation ratio = 2.405, where: _ 


Peak Deviation (Hz) 


Deviation Ratio = 
Modulation Frequency (Hz) 
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From this we can calculate that when a 
transmitter with a peak deviation of 2.5kHz is 
modulated with a 1.040kHz sine wave at an 
amplitude equal to the maximum peak audio 
amplitude, the carrier amplitude will be zero. To 
correctly set the deviation ofan FM transmitter 
to 2.5kHz, a 1.040kHz sine wave of appropriate 
amplitude is therefore injected into the micro- 
phone socket, and the deviation increased from 
zero until the carrier amplitude goes to zero. Fig 
1 shows the changing spectrum of an FM 
transmitter as the deviation ratio is increased 
from 2.2, through 2.4 to 2.6. Note how sharply 
the carrier disappears when the deviation is 
changed by +10%. This demonstrates the sen- 
sitivity of the carrier null method. 

By starting with a high audio modulation 
frequency, and reducing it until the carrier is 
observed to null, and the then applying the 
equation above, we can measure the deviation 
ofa transmitter. A description of the basis ofthe 
carrier null method is provided in [3]. 

In professional measurements, a spectrum 


analyser capable of resolving the components | 


of an FM transmission is assumed to be avail- 
able. Suchresolution is beyond the capability of 
the simple spectrum analysers described in 
amateur literature. Some writers have suggested 
monitoring the amplitude of the carrier with a 
narrowband CW receiver. Ifa suitable receiver 
is available, this is a simple and practical ap- 
proach. Most amateur VHF receivers however 
use a 2.5kHz SSB filter for CW reception. 
Because of the complex spectral structure of the 
FM signal, this measurement is much easier to 
accomplishifan audio CW filter is added. When 
using the carrier null method to set transmit 
deviation to 12.5kHz, the FM sidebands spac- 
ing is approximately 1kHz. Thus, ifan 800Hz 
beat is used, there will also be an audible tone 
at approximately 1.8kHz, and possibly some 
filter leakage at approximately 2.8kHz and 
200Hz (folded back from the other side of the 
carrier). 

This article describes an alternative method 


Deviation ratio 2-2 


1 


Deviation ratio 2-4 
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Fig 1: The FMspectrumat deviation ratios of 2.2, 2.4 
and 2.6. 
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Fig 2: The FM Spectrum Analyser system block 
diagram. 


of observing the transmitter carrier null. A 
simple, wideband monitoring receiver is used to 
convert the transmitter output to an audio IF. 
The spectral components of the transmission 
can then be viewed by using a PC witha sound 
card, in conjunction with a Fast Fourier Trans- 
form (FFT) package to analyse the IF signal in 
detail. 


SYSTEM ARCHITECTURE 

THE APPROACH USED in the FM Spec- 
trum Analyser is to use a sampling mixer [5, 
6] to heterodyne the RF signal to an audio IF, 
and then to analyse the IF spectrum with an 
audio spectrum analyser. The audio spectrum 
analyser is an FFT package [7] run on a PC 
with a suitable input sampler such as a 
SoundBlaster®. The FFT package is capable 
of providing sufficient frequency resolution 
to clearly distinguish the carrier from the first 
modulation sideband, whilst still allowing a 
sufficiently wideband display that spectral 
aliasing is not an overwhelming problem. 
Many suitable audio FFT packages are avail- 
able [8], although the user should select one 
that supports a ’scope display of the spectrum 
and not a waterfall display. 

A block diagram of the FM Spectrum 
Analyser is shown in Fig 2. The system 
consists ofa 5SMHz V XO which is divided by 
50 to produce a 100kHz square wave. This is 
used to drive a pulse generator, which pro- 
duces a 100kHz frequency comb. The signal 
from the transmitter under test and the comb 
are mixed, anda 15kHz low pass filter filters 
the resultant mixing products. This removes 
signals that would produce aliases in the FFT. 
The resulting audio signal is fed to the PC 
sound card. 

As G4COL explained, itis necessary to have 
a stable oscillator whose harmonics can be 
tuned across the frequency of interest. The 
short-term frequency stability and freedom from 
microphony are vital in the design of this sys- 
tem. I therefore elected to use a VXO, rather 
thana VFO. The choice of the VXO frequency 
is not critical, although SMHz is quite conven- 
ient. The VXO is divided by 50 to givea 100kHz 
square wave, whichis then used to drive a pulse 
generator which in turn hasa spectral output that 
consists ofa 100kHz frequency comb, extend- 
ing beyond 433MHz. To obtain complete cov- 
erage at 145MHz the VXO must be pulled by 
3.5kHz. This was achieved on the prototype. 
On lower frequency amateur bands it was not 
possible to pull the crystal sufficiently to obtain 
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complete coverage. On these bands it was 
necessary to tune the transmitter to a region 
covered by the instrument. This is nota problem 
with a synthesised transmitter. If a lower fre- 
quency comb had been used (say 50kHz) it 
would not have been necessary to pull the 
oscillator as far, but it would have placed tighter 
design constraints on the anti-aliasing filter. 


CIRCUIT 

THE OSCILLATOR, divider, pulse generator 
and mixer circuit is shown in Fig 3(a). The 
oscillator and divider chain are similar to that 
used by G4COL [6], except for the omission of 
one divide by two stage to give a PRF of 
approximately 100kHz. Although the oscillator 
circuit proved reliable in the author’s prototypes, 
the output level of this circuitis critically depend- 


COMPONENTS 

Resistors (all 0.6W) 

RI 10k 

R2 10k 

R3 2k2 

R4 10k 

R5 150R 

R6 100R 

R7 100R 

R8 3k3 

R9 —-.2k2 = 

RIO = -3k3 

R11 9 -3k3 

2 KS 

Semiconductors 

D1 1N4001 

D2 LED 

IC1 74HCT390 

IC2  74F00(Available from RS Compo- 
nents) 

1G3mme DLO82 

IC4 78L05 

TRI BC109 


Capacitors (unless specified, all fixed capacitors 
SOV working) 
CA 150pF variable 


@ 390pF 

G3 390pF 

C4 10nF 

(CS 56pF 

C6 100nF 

C7 10nF 

C8 10nF 

C9 10uF, 63V 

C10 =: 10. F, 63V 

Cll =: 10yF, 63V 

C12 47pF, 63V 

C13; 10nF 

C14 -10nF 

Miscellaneous 

FLI Toko A258BLV5085 (Available 
from Maplin) 


Xl 5.000MHz(Available from Maplin) 
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ent on crystal activity and other component 
parameters. If this proves to be a problem, or if 
a more conservative design approach is pre- 
ferred, then an amplifier-limiter stage may be 
inserted between the oscillator and the first stage 
of the 74HCT390 divider. This alternative ar- 
rangement is also shown in Fig 3(b). The first 
stage of the limiter uses one of the inverters from 
a CD4049UB hex inverter with a 10k resistor 
connected between the input and output. This 
creates a high gain amplifier, with the input 
biased to 2.5V. This high gain stage is AC 
coupled to the emitter of the oscillator transistor. 
This amplifier stage is followed by a further 
buffer stage, to hard limit the signal to the 
counter. All unused inverters have their inputs 
grounded to set them at a defined logic voltage, 
and hence minimise dissipation. This limiter will 


Pulse generator 


From junction 100n 
R3 and TRI 


emitter 


FLI1 


C9 RIO 
10 3k3 


viewed from below 


01 

1N4001 

13-8V apg 
(nominal) 


Power supply 


(d) 


Fig 3: Circuit diagram of the FM Spectrum Analyser. 
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Toko A258 BLV 5085 
viewed from below 


function with oscillator levels below 100mV 
peak-to-peak. 

The design of the pulse generator is a compro- 
mise between practical simplicity and rigorous 
design. | adopted the same pulse generator used 
by G4COL [5, 6], on the basis that it was better 
characterised (and more stable) than most of the 
discrete designs, and orders of magnitude sim- 
pler than a fully synchronous logic design. 
Because the system was to be used at 146MHz, 
the higher performance TTL FAST logic family 
was needed. The use ofa high-speed logic device 
in this circuit position is critical to the operation 
ofthe system. This type of pulse generator relies 
onan artificially generated race hazard between 
the inputs of NAND gate IC2(a). To ensure that 
the differential delay is sufficient to switch the 
NAND gate, the delay is extended by reducing 


1C1 
74HCT390 


Audio O/P 
to PC 
ct soundblaster 


10 
TLO82 


(nominal) 


O+5V 
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the rise time of the voltage from the inverter 
connected NAND stage IC2(d). This is achieved 
by feeding the gate through a 150Q resistor and 
connecting a 56pF capacitor in parallel with the 
second input of [C2(c). This delay could also be 
extended by adding one or more pairs of invert- 
ers in this logic path, however the delay though 
an inverter is not accurately characterised, nor is 
it adjustable. The setting of this delay is a com- 
promise between providing sufficient delay for 
the NAND gate to switch, and yet providing a 
short enough pulse to correctly sample the input. 
Since both the output drive voltage and the input 
switching threshold for the 74F00 varies from 
device to device, some adjustment of the S56pF 
capacitor may be required. 

The mixer is the forth element of the 74F00 
NAND gate pack. The use of a NAND gate for 
this function may at first seem unusual. The most 
common type of RF mixers use a linear signal 
path, hard switched by the local oscillator such 
that the output is either proportional to the input 
signal or zero. Because this system is designed 
to measure the characteristics of an FM signal, 
we can assume that the input signal is constant 
amplitude. It is also normal practice to follow 
the mixer in an FM receiver with a limiter. 
Since there a high level signal available when 
testing a transmitter, a simple logic gate fulfils 
the input limiting, mixing and output limiting 
function in one stage. To improve the sensi- 
tivity of the mixer, the RF input is biased to 
+2V, the logic high threshold for this logic 
family. A pair of 100Q resistors in parallel 
with the input present a 50Q input impedance 
to the transmitter and its external attenuators. 
The mixer has a relatively low dynamic range 
(15mW to 50mW), so a simple external vari- 
able attenuator is used to bring the signal into 
the required range. This attenuator is de- 
scribed in the Appendix. 

The mixer is followed by the buffer-filter- 
buffer arrangement shown in Fig 3(c). A 
TL082 voltage follower provides a high im- 
pedance load to the mixer. The 15kHz LPF 
filter block requires a 3k3 input and output 
load to function correctly. Feeding its input 
through a 3k3 resistor sets the input imped- 
ance of the filter. The output impedance is 
achieved by a 3k3 resistor in parallel with the 
input of a second voltage follower. This out- 
put buffer provides a low impedance output, 
to drive the audio input of the PC viaa 2m length 
of screened cable. By AC coupling the voltage 
follower configuration, the filter buffers are able 
to operate froma single nominal 12V DC power 
supply with series diode protection. A 78L05 
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50 to 50mW 
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Fig 4: System configuration used for measurements. 
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microphony. 
To provide a 
low impedance 
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5V distribution 
rail, a narrow 


strip of printed 
circuit material 
was glued to the 
ground plane. 
The filter 
stage is con- 
structed on a 


small piece of 
strip-board. 


0 2 4 6 8 10 12 14 
kHz 


(c) 


Fig 5: Spectrogram display of unmodulated 145MHz carrier, and carrier modulated with 1kHz sine wave at 2.3kHz, 2.4kHz and 2.5kHz deviation. 


voltage regulator - Fig 3(d) - provides 5V for the 
oscillator and TTL logic. The total power con- 
sumption is about 30mA. 

The software audio FFT package used in the 
author’s system was ‘Spectrogram’ by RS Horne 
[7]. This was used in ’scope mode, and was run 
on a 233MHz Pentium laptop running Win- 
dows95 using the built-in sound input system. 
The Spectrogram software is a highly capable 
package that will run under Windows95 or 
Windows NT V4.0 and needs 16MB of RAM. 
Its use is free in non-commercial applications. 
Many members of the UK low frequency ama- 
teurradio community have successfully used the 
spectrogram program. I have not tested the FM 
spectrum analyser on any other audio FFT pack- 
ages, but would not anticipate any difficulties, 
provided the system also supported the use of 16 
bit sampling at 44kHz. 


MEASUREMENT PROCESS 

THE SYSTEM configuration used for making 
measurements is shown in Fig 4. The transmitter 
is coupled to the FM Spectrum Analyserthrough 
a variable attenuator. The attenuator is set for 
maximum attenuation (minimum signal). The 
VXOis tuned until a suitable harmonic is heard 
on the receiver. The transmitter is set for low 
powerand keyed. Itis not modulated at this stage, 
and ideally the microphone should not be active. 
The attenuation is reduced (RF signal increased) 
until the carrier is seen at a comfortable level on 
the PC FFT display. The user will normally see 
the carrier offset from zero beat and a cluster of 
harmonics of the beat with decreasing amplitude. 
The VXO tuning control is then adjusted until the 
carrier is seen at about a 12kHz offset from the 
zero beat. 

An audio sine wave of 1.04kHz (for the 
2.5kHz deviation needed for operation with 
12.5kHz channel spacing [9]) is injected into the 
microphone socket. The audio level of this modu- 
lating signal is increased until the onset of lim- 
iting, and then increased by a further 10 to 20dB. 


76 


18 20 0 2 4 6 Be oO 


kHz 


(d) 


This is less criti- 
cal than the RF 
stage, but care 
needs to be taken 
to ensure thatthe 


12 4 16 18 20 


= 


This process is required to ensure that the maxi- 


_ mum possible deviation of the transmitter is 


being measured. Maximum deviation will corre- 
spond to maximum spectral width on the FFT 
display. With the modulating tone still applied, 
the transmitter deviation is reduced to zero, and 
then steadily increased until the carrier goes to 
zero. Care needs to be taken that the second null 
(at 5.7kHz deviation) is not set. Care also needs 
to be taken not to confuse the carrier with the first 
sideband or with a spurious signal arising from 
leakage through the anti-aliasing filter. 

Ifsetting up a transmitter for 25kHz spacing, 
the required deviation is 5kHz, the audio sine 
wave is 2.08kHz, and the second (spurious) null 
occurs with a deviation of 11.5kHz. 

The accuracy of the measurement is com- 
pletely dependent on the accuracy of the fre- 
quency of the audio signal injected into the 
microphone socket. In the absence ofa suitably 
calibrated audio source, or an audio frequency 
meter, the frequency of the audio signal can be 
measured using the FFT package on the PC, 
which can also be used to check the purity of the 
modulating waveform. 


CONSTRUCTION 

THE CONSTRUCTION of the FM Spectrum 
Analyser can be seen in the photo on page 15. The 
RF section is constructed dead-bug style, on 
copper clad board. Although this technique is not 
as aesthetically pleasing as a PCB orstrip-board 
approach, the solid ground-plane, short lead 
lengths and low parasitic capacitance makes it 
ideally suitable for one-off RF designs. The 
number of wires needed is relatively small, so 
construction is not particularly onerous. Tuning 
is concentrated at the low capacitance end of the 
variable capacitor range, soa 6:1 reduction drive 
is needed. The VXO tuning capacitor was 
mounted ona sturdy bracket, to prevent elasticity 
in the mounting from causing backlash in the 
tuning. In other regards the construction of the 
VXO was remarkably uncritical, with no hint of 


stray capaci- 
tance on the in- 
put 1s mini- 
mised. Note that the data sheet on the Toko 
15kHz LPF shows pin-out viewed from the 
bottom of the package, rather than the conven- 
tional top view. 

For many years I was put offhome construc- 
tion because of the difficulty of achieving a 
professional appearance of the finished project. 
The approach used in this project was to use a 
computer package to produce the artwork for the 
frontand back panel. This artwork is then printed 
using a laser printer, and glued to the panel 
metalwork using a transparent spray-on adhe- 
sive. When the adhesive is dry, the panel is then 
covered with a layer of the transparent plastic 
film sold for covering books. Provided care is 
taken to avoid stretching or tearing the plastic 
surface when mounting components on the panel, 
the resultis a durable and attractive finish. A copy 
of the panel artwork with suitable drilling marks 
inscribed may be tacked over the panels and used 
as a template to ensure the correct hole alignment 
with the final panel artwork. The finished result 
is shown in the photo. 

At the time of writing, the new cost of com- 
ponents and enclosure is less than £20 + the cost 
ofthe variable capacitor. The 74F00 is available 
from RS Components and from Electronics 
Services. 


RESULTS 

OPERATION OF THE system was initially 
verified by monitoring the output of an FM 
signal generator. A carrier at 145MHz was input 
to the FM Spectrum Analyser. The VXO was 
tuned a harmonic was offset from the carrier by 
12kHz. The resulting FFT display is shown in 
Fig 5(a). The horizontal axis is calibrated in units 
of kHz, and the vertical axis is calibrated in 
relative dB. The 12kHz beat is clearly visible. 
The peak at 0Hz is a mixture of the DC compo- 
nent and any residual 50Hz pickup. It was found 
that the cleanest display was obtained with an 
input signal level of +8dBm. Above this level a 
number of low level spurii were visible. The 
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source of these spurii has not yet been identified. 

The signal generator was frequency modu- 
lated with a 1kHz tone. From the equation on 
page 16 we would expect the carrier amplitude 
to go to zero when the deviation is 2.4kHz. This 
is clearly demonstrated in Fig 5(b), 5(c) and 
5(d), which show the measured spectrum at 
deviations of 2.3kHz, 2.4kHz and 2.5kHz re- 
spectively. 

To demonstrate the full operation of the sys- 
tem, a Yaesu FT-736R was connected to the FM 
Spectrum Analyser through the variable 
attenuator. At minimum output power and with 
no audio modulation the carrier was set for a 
12kHz beat with the VXO harmonic. This is 
shown in Fig 6(a). The 11kHz at -50dB is a 
spurious signal from within the PC. The source 
ofthe spurii at 4kHz and 8kHz have not yet been 
identified. 

With the FT-736R then set in the normal 
(wide) FM mode and a 1.73kHz audio tone 
applied to the microphone socket, the amplitude 
of the modulating signal was increased until 


maximum deviation observed. At this point the - 


VOGAD circuit was limiting the deviation to the 
maximum permitted level. This is shown in 
Fig 6(b). The carrier at 12kHz is diminished, 
and the sideband at 1.73kHz spacing clearly 
visible. As the modulation frequency 1s in- 
creased in units of 100Hz we see the carrier go 
to zero amplitude when the modulating fre- 
quency is 1.93kHz. This corresponds to a peak 


deviation of 4.64kHz, which is consistent with 
the manufacturers’ specified frequency devia- 
tion of SkHz. 

Observant readers will note from Fig 6(b) 
through Fig 6(f) that there are anumber of spurii 
that change frequency atarate ofapproximately 
10 times the change in modulation frequency. 
The source of these spurii has not yet been 
positively identified. 
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APPENDIX - A VARIABLE 
ATTENUATOR 

A RELATIVELY simple outboard variable 
attenuator (Fig 7) was constructed to allow 
the RF output of the transmitter under test to 
be reduced to the level needed to drive the FM 
Spectrum Analyser. Because of the relatively 
low dynamic range of the mixer used, a 
continuously variable attenuator is desirable. 
Because the attenuator is being used as a 
sampler, accurate calibration 1s not required. 
The attenuator used an external 25W 50Q 
dummy load connected to a PL259 T-piece, 
witha 1kQ linear modular conductive plastic 
variable resistor between the input and the 
output. This was chosen for its |watt power 


handling capability. The output was assumed 
to be terminated externally with a 50Q load, 
normally provided by the FM Spectrum Ana- 
lyser. This rather crude design has a known 
2:1 SWR at minimum attenuation, but ap- 
proaches 1:1 at maximum attenuation. In 
view of the simplicity of the approach and the 
fact that SWR was satisfactory at high power 
(where it is most critical), this design limita- 
tion was accepted. The variable resistor has a 
power dissipation of 1 W, limiting the max1- 
mum power handling capability of the 
attenuator to 20W. The attenuator was built 
into a Maplin 100mm x 70mm x 40mm alu- 
minium box, with the PL259 input socket at 
one end, the BNC output connector at the 
other end, and the variable resistor in the 
middle. No attempt was made internally to 
reduce the effects of wiring inductance, other 
than to use shortest wire lengths possible. 
The attenuation was measured using a sig- 
nal generator with a built-in precision 
attenuator and a diode detector [10], con- 
nected toa DVM. The variable attenuator was 
set to maximum attenuation, and the reading 
on the DVM noted. The attenuation was 
measured by changing the variable attenuator 
setting, and then compensating for this by 
increasing the output of the signal generator 
until the same reading was observed on the 
DVM. This allowed the attenuation to be 
measured without reference to the character- 


©AsGB RC2223 


or 


14 16 18 20 8 10 12 14 16 18 20 
No modulation kHz 1730Hz modulation 
(b) 
-30 
-45 
—60 : 
18 20 0 2 4 8 10 12 14 16 18 20 
1830Hz modulation kHz 1930Hz modulation 


eo 


161820 
2030Hz modulation 


Fig 6: Measurements of the output of a Yaesu FT-736R transceiver. 
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Fig 7: The variable attenuator design. 


istics of the diode detector. The attenuation at 
145MHz and 10MHz is shown in Fig 8(a). 
The reduced attenuation at VHFis thought to 


be due to capacitive coupling within the variable _ 


resistor. The 23dB attenuation achieved at 
145MHz limits the power handling of the FM 
Spectrum Analyser to 5W, unless an additional 
6dB 50Q attenuator is connected between the 
output of the variable attenuator and input of the 
analyser. 

A scan of the attenuator input SWR vs fre- 
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quency at various attenuation settings was made 
using an MFJ259 antenna analyser is shown in 
Fig 8(b). This showed that at low frequencies the 
SWR is close to the expected 2:1, but as the 
frequency increases to 150MHz this reduces to 
1.3:1. This is presumably due to the inductance 
of the attenuator, reducing the effect of the 50Q 
output load. The high power 50Q load on the 
input had an SWR of 1:1 up to 120MHz, and the 
50Q load used in the diode detector was flat 
beyond 160MHz. 
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Erecting Portable 


Masts 


By Terry Robinson, G3WUX* 


RECTING MASTS for Field Days etc 
HE: something of which there is consid- 

erable knowledge and folklore held 
by those taking part. However, I have noticed 
that, in many instances, this knowledge is 
possessed by relatively few members of a club. 
In consequence the others often find them- 
selves re-learning the basics during each event, 
standing around waiting for instructions, or 
trying to help by doing things without consult- 
ing anyone else, which could jeopardise the 
operation or the safety of those involved. Any 
of these merely introduce delay, anxiety and 
frustration into what should be an enjoyable 
event for all. Apart from the practicalities of 
raising an antenna many feet into the air, the 
safety aspects must also be understood by all 
concerned. A mast falling from, say, 30ft will 
not only destroy itself and whatever it supports 
but can also give someone a headache from 
which they may not recover. 

In this article I will attempt to describe, in 
simple language, how it is quite possible, even 
easy, to safely erect a portable mast of up to 
60ft in height, single handed, without wreck- 
ing anybody or anything. 


THE PRINCIPLES 

BEFORE LAUNCHING into detail, let’s con- 
sider the factors we need to bear in mind when 
designing and installing a portable antenna 
system. In essence we need to raise a mast and 
antenna from a horizontal to a vertical orienta- 
tion. The temptation is to start lifting at the 
antenna end and keep pushing upwards as you 
walk along the mast. Whilst doing this, two 
things will be happening: 

@ The other end of the mast will be getting 
lighter and will eventually leave the ground 
unless securely fixed. 

@ The mast will be bending under the strain 
and the antenna will eventually sag towards the 
ground behind you - there will be no more 
upward progress. 

I make these rather obvious comments to 
highlight the basic problems we need to solve, 
namely how to secure the base and how to keep 
the antenna going up. 

We could rely on a heavy weight, either 
people or other, to hold the base of the mast 
whilst others push the antenna end upwards. 
This will often work up to about thirty feet, 
beyond which the bending force normally 
becomes too great and problem number two 
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Fig 1: The basics arrangement for hoisting a mast and antenna. 


takes over. The mast may well be damaged 
and, of course, the antenna won’t have gone 
up. 

We need to apply effort into lifting the 
antenna itself and, hopefully, the mast will 
follow. The best way to do this in the field is to 
erect a gin pole first, and use this to lift the 
antenna. Fig 1 shows the basics, with a mast 
and antenna horizontal, and gin pole vertical. 

We also need to ensure that, once up, the 
installation stays up for as long as necessary. 
We use guy ropes for this. Guys are attached to 
the mast at several levels and run out to stakes 
in the ground. It is usual to use four guys at each 
level, the details will be discussed later. Guy 
ropes don’t hold anything up, they just stop it 
falling over. The tension in the guys resists the 
force of gravity, wind etc, and keeps the mast 
vertical. Without going into too much theory, 
suffice it to say that the further the stakes are 
away from the mast, the less tension will be 
required and the less stress will be placed on the 
mast. Fig 2 shows a mast vertical, with guys 
fixed at appropriate levels to stakes in ground 
at distance 1/2 H from base. 


HARDWARE 

MOST OF THE masts I’ve designed consist of 
aluminium alloy scaffolding, which is readily 
obtainable in 4 and 6 metre lengths. The former, 
although requiring more joints, is easier to 
transport and so is recommended. 

Fig 3 shows the two-piece steel sleeves used 
to join the scaffold tubes. These are widely 
available and quite adequate for most pur- 
poses. 

The base must consist of two sockets welded 
at right angles to accommodate the main mast 
and gin pole. Each socket should also incorpo- 
rate a means of preventing the gin pole or mast 
rotating, | have seen a 3-ele tribander crash to 
its death as a result of unwanted rotation of the 
mast during the lifting process. This whole 
assembly must be hinged to a plate so as to 
allow at least 90° of rotation in the vertical 
plane. The plate should also be drilled to 


accommodate stakes, to fix it firmly to the 
ground. If the base is secure, our first problem 
is solved. Fig 4 shows a suitable base plate. 

For guying, I use 8mm polypropylene rope, 
though 6 or perhaps even 4mm will be ad- 
equate for most purposes. Each guy should be 
terminated by forming a loop, with the aid of a 
metal or plastic thimble to protect the rope. The 
end should then be clamped firmly with a cable 
clamp, as shown in Fig 5. The cable clamps I 
use consist of a small U-bolt which is tightened 
onto a brass fitting. These can be readily ob- 
tained in various sizes. 

I have seen many kinds of guying rings. I 
believe the important considerations are that 
each should carry four guys, rather than the 
three offered by some types. It is often desir- 
able to have guy rings which allow the mast to 
rotate within them. This allows directional 
antennas to be hand rotated (which I prefer) or 
the rotator to be fixed to the bottom of the mast, 
requiring less effort to lift. My guy rings consist 
of pre-drilled 3 mm steel plate. Where appro- 
priate, these rest on the joining sleeves, except 
for the top set which I rest on two jubilee clips 
clamped round the mast. A similar arrange- 
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Fig 2: Erected mast, plus guys fixed at appropriate 
levels to stakes in ground. Dimensions are given as 
proportions. 
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Fig 3: Two-piece steel sleeves of the type used tojoin 
scaffold tubes together. 

ment is used for the upper guys on the gin pole. 
I use two clips, joined together as this helps 
balance the rings better and tends to avoid 
anything sliding around and possibly jam- 
ming. As a further aid, I place a large washer 
beneath each guy ring to help it rotate freely. 

I use 100kg shackles to attach guys to the 
rings. I find these quite indispensable and 
maintain a considerable stock. 

Ground stakes need to be sufficient to an- 
chor the guys securely, and it’s better to use the 
over-kill approach here. Don’t be afraid to 
drive them well in. If you can move them by 
hand, they’ll surely come out at some stage. A 
little persuasion with a hammer is usually 
enough to dislodge them when the time comes. 
I use 27in angle iron stakes to tame my SOft 
mast and drive them in almost all the way. I also 
recommend that two stakes be employed in 
each position, to hold alternate guys. This 
should protect the mast and all concerned in 
the unlikely event of a stake pulling out. 

Attaching a large, 300kg shackle to each 
stake via a split ring, running through a hole in 
the stake, affords sufficient space to attach the 
guys, via individual 100kg shackles. This is 
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Fig 4: Suitable base plate, which contains sockets 
for the mast and gin pole. 
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cumbersome and time consuming, but I feel 
it’s worth it in the end as the guys won’t work 
loose. 

Alternatively, the guys can be tied around 
the stakes themselves. This makes adjustment 
quicker and easier, and is often adequate. Care 
must be taken to ensure that the guys cannot 
slip off the stakes or work loose. The ‘round 
turn and two half hitches’ usually suffices, but 
be sure to have the second turn crossing the 
first to increase the grip on the stake. 

Never be tempted to use the sliding adjust- 
ers, such as those often used on tent guys. 
These can work loose and may slide if inad- 
vertently nudged. If using the cable clamps 
described earlier, it is worth tying a knot in the 
rope just beyond the clamp to make doubly 
sure that the rope won’t pull through. 

A gin pole is normally half the length of the 
mast. A means of attaching one set of guys and 
a halyard to the top of the gin pole must be 
found. I use a cup which can be clamped to the 
pole, which also carries two loops through 
which 300kg shackles can be readily fixed. 


PREPARATION 

IN THE FOLLOWING description, “H’ is taken 
to represent the height of the mast, or rather the 
distance between the base and the top guy 
level. 

I stated earlier that the closer the ground 
stakes are to the mast, the greater will be the 
tension on the guys. Experience has shown 
that to site the stakes at a distance of 1/2 His a 
good compromise. Having established this, 
we can prepare guys and do other necessary 
homework before arriving’ on site. 

As you cut the rope, fuse each end well to 
stop it fraying. I use a hot soldering iron these 
days, but a match flame will do (though 
polypropylene will burn). 

Having fused the rope, tie a single knot in 
each end, to act as a final stop in case of 
slippage. Make-off the top ends of each guy by 
wrapping the end round a thimble and clamp- 
ing it firmly with a screw cable clamp. I quite 
like those which comprise a miniature U bolt 
and grip. Clamp it as close as reasonably 
possible to the knot, without putting undue 
tension on the rope. Once made off, guys can 
be attached to the rings via a shackle. It is 
helpful, before doing this, to mark the ring in 
some way, to show which level it is going to be. 
Small notches can be cut or filed in the side of 
each ring, away from the stress points (cor- 
ners). Make one notch for level one, etc. This 
saves you wondering which is which on site. 
The low end of each guy can also be made off 
in the same way, if required, though this needn’t 
be tightened down as it will be adjusted in situ. 

Many people seem to have problems coiling 
ropes. The consequences of doing this badly 
are all too familiar - a great pile of knitting to be 
unscrambled on site, leading to wasted time 
and frustration for all. I coil each rope by taking 
loops of, say, 4ft from the lower end, until there 
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Fig 5: A thimble and a cable clamp are used to 
terminate the guys. 


is about 3ft remaining. Grasping the coil firmly 
in one hand, begin wrapping the remainder 
around the coil, tightly, until about 18in re- 
main. Now, pull a loop of the remainder through 
the coil and pass it over the end of the coil. Pull 
tight. This should now remain coiled until 
deliberately undone by passing the loop back 
over the end of the coil, unwinding the wrap- 
ping and running out the rope. Exactly the 
reverse process, hence no reason (in theory) 
for it to tangle. 

The gin pole is going to be 1/2 H in length 
and should be guyed to the side stakes of the 
main mast. The working lengths of these guys 
are calculated as per the main mast. 

We now need to consider now we are to haul 
the mast up via the gin pole. For this it is best to 
use a block and tackle arrangement, (I use four 
way), running between the cup of the gin pole 
anda designated stake, (A). The minimum length 
of this is approximately 4H, plus a bit ‘for 
luck’. The fixed end should be fused and 


threaded through the pulleys before being 
made off and fixed to the near block with a 
shackle. Fig 6 shows the setting-up of the 
four way block and tackle. The far end is 


Double gang a 
pulley Il 


Pull 
effort 


Rope 
attachment 
point -~_ Double gang 


Usa pulley 


Stake A 


Fig 6: How the rope is threaded through the four- 
way block and tackle. 
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Fig 7: Layout of stakes, relative to the base of 
the mast. 


fused and the rope coiled as described above. 
I would recommend rope of at least 6mm 
diameter for this halyard, to reduce wear and 
tear on hands and the risk of the rope jumping 
the pulleys, inevitably at the worst possible 
moment. 

Before arriving on site, it is worth preparing 
one more piece of rope to locate the stakes. 
Suffice to say, for now, that this must be 1.414 
H in length, with loops at each end and a knot 
in the middle. I would suggest that the knots 
forming these be wrapped with insulation tape, 
so that they can be recognised should the rope 
need to be untangled. A loop at distance H and 
a further knot at 1/2 H, though not essential, 
may make things easier. 

So, apart from the pay load, whose design 
lies beyond the scope of this article, we’re 
ready to go. 
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Gin pole 


Fig 8: Mast and gin pole on the ground, along with 
base, sleeves, guy rings and coiled guys. The 
assembly consists of six sections, four for the 
mast (a - d), and two for the gin pole (e and f). 
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ON SITE 

THROUGH- 
OUT ALL the 
erection opera- 
tion it must be 
clear to all help- 
ers that one des- 
ignated person is 
in charge and 
must be obeyed 
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Block and 


Halyard 


without ques- 
tion. Multiple 
bosses is a sure 
recipe for disaster! 

Preparation and care taken at this stage will 
pay off in the end. First, you need to find a flat, 
level piece of ground to accommodate the base 
and guys. This is a square of diagonal H. You 
also need sufficient clear space for the mast 
and payload to rise from horizontal to vertical 
and, ideally (though sadly often a luxury), 
room for the person(s) hauling the mast to walk 
away, sparing their arms and hands. 

If the mast and stakes aren’t laid on level 
ground, asymmetry will be introduced and 
terrific forces may be applied to guys as the 
mast is raised and lowered. I had a close call 
once in this situation, where a split ring was 
almost pulled straight while a mast was being 
lowered. Had it failed, a complete set of guys 
would have sprung away with considerable 
force, not only threatening the future of the 
mast, but posing a real hazard to anyone in the 
area. This emphasises the need for two stakes 
at each location, described previously. 


BASE AND STAKES 

The following, illustrated by Fig 7, is the 
method I have used for several years with great 
success. 

1. Lay the measuring rope where the mast is 
to lie and drive in stake C at the 1/2 H knot. 

2. Place the loop at distance H over stake C 
and stretch the rope to locate stake A, drive this 
in and place the initial loop of the rope over it. 

3. Position the base with the hinge bolt at 
right angles to the rope at the 1/2 H knot. Drive 
in the base stakes. 

4. Remove the loop from stake C and re- 
place it with the end of the rope. Locate the 
middle knot and move sideways till both halves 
of the rope are taut, drive in stake B at the knot. 
Repeat on the other side for stake D. 

5. Remove the measuring rope, coil and put 
it away. 

Note that all stakes should be driven in at an 
angle, ideally 45° away from the mast. This 
offers maximum purchase against the ground 
and minimises the risk of stakes pulling out. 


THE MAST 

Before assembling the mast, it pays to locate all 
components including sleeves, guy rings, wash- 
ers, etc. If, as in some installations, the coax is 
to be passed through the mast from the rotator 
mounting, place this near the point of entry. 


Fig 9: The mast as it should look prior to its first lift. 


This helps keep peoples’ minds on the job and 
prevents time wasting mistakes. Remember, 
you are assembling a mast and gin pole. We 
have found it advantageous to remove the 
hinged socket from the base so that the whole 
assembly can be relocated on completion. The 
gin pole can be locked into the socket though 
it may be easier to leave the mast free to rotate 
until the gin pole is raised and the hinge bolt 
inserted into the base (Fig 8). 

1. Slide the correct guy rings and washers 
over the lower ends of mast sections b, c and d. 
Slide the clip, washer and top guy ring over the 
upper end of section d to the correct position 
and tighten the clips. 

2. Assemble the mast. Note that it is best to 
arrange for the flanges of the sleeves to be 
vertical, as this offers greater strength. 

3. Slide the guy ring over the lower end of 
section f. (This will not rotate, so no washer will 
be required). 

4. Slide the clip and guy ring over the upper 
end of section f, fix the cup and tighten the clip. 
The guy ring should be just below the bottom 
of the cup. 

5. Assemble the gin pole. 

6. Uncoil and fix the appropriate mast guys 
to stakes B and D, and adjust for length. They 
must be just straight, not taut. All guys should 
be attached as close to the ground as possible 
but must not be laid over one another (which 
would make the outer ones unstable). 

7. Uncoil and fix appropriate mast guys to 
stake C. Be sure to lay these out so as not to 
tangle during hauling. Adjust their length to 
approximately that of the other guys. 

8. Uncoil the appropriate mast guys and fix 
to the near shackle of the gin pole cup. These 
must be taut, particularly the top one which will 
do all the work. 

9. Fix the top pulley of the halyard to the 
other shackle of the gin pole cup and run the 
other end out to attach-it to stake A. 

10. Uncoil and attach the appropriate gin 
pole guys to stake B and adjust approximately 
to length. © 

11. Raise the gin pole vertical and locate the 
hinge bolt. This part of the operation will 
probably require three people and must be 
done with care. The alternative is to remove the 
relevant guys from the mast and fix them to the 
gin pole, install the pole and adjust the guys for 
length at the mast. If this is to happen, you 
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Gin pole 


Fig 10: Mastin the vertical position, showing the back 
guys secured to stake C. Stakes B and D, and their 
associated ropes have been omitted for clarity. 


should allow plenty of spare at each end so that 
guys can be adjusted once the mast has gone 
up. 

12. Fix the remaining gin pole guys to stake 
D and adjust lengths to keep the gin pole 
symmetrical. Again, don’t over-tighten. 


FIRST LIFT 

By now the mast should look like Fig 9. If so, 
you are ready to haul the mast, without an- 
tenna. Experience has shown this to be an 
essential precaution before the antenna is fit- 
ted. Pull the mast up via the halyard and make 
sure that nothing is going wrong, eg ropes 


getting too tight, poles bending excessively, 
stakes moving, etc. One person should be 
elected as ‘Team Captain’ and only he/she 
should be allowed to give instructions during 
the hauling process. The cup of the gin pole 
should now lie on stake A, assshown in Fig 10. 
Adjust all mast guys to keep it vertical, but 
don’t over-tighten. 


ADDING THE ANTENNA 

Having got this far without mishap, you can 
lower the mast again to fit the payload. Lower 
it until the top is at a convenient height for 
working on. At this stage, I tie a suitable knot 
in the halyard near the point of entry to the 
pulley, so that the mast will be arrested at this 
level for future maintenance or dismantling of 
antennas. Be sure to have a colleague take the 
weight of the top of the mast whilst doing this, 
or raise the mast a little and make-off the 
halyard securely to stake A - tying ropes under 
tension is never a good idea! This puts you in 
a position of being able to raise and lower the 


: antenna, should adjustments prove necessary. 


Finally, haul up the mast and payload. Al- 
though all the ropes should now be correctly 
adjusted, bear in mind that you are probably 
lifting a much heavier load, whose centre of 
gravity may be some distance from the top guy 
ring. As shown in Fig 11, this will tend to bend 
the mast in the only direction over which we 
have no control. If this occurs, I recommend 
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that the third guy be removed from stake C and 
used to counter the bending force. This will 
require someone pulling as necessary, though 
I suggest that the rope be passed through a 
pulley attached to stake C. In this way the puller 
will not have to stand beneath the mast, and can 
observe the effects of his efforts. The guy will, 
of course, be re-instated once the mast is 
vertical. Note this procedure will have to be 
repeated whenever the antenna is lowered or 
raised. 

You may also find that the gin pole could 
suffer from the 30ft rule I mentioned earlier, 
and may itself start bending. Though this is not 
normally a problem, it could be corrected by 
attaching ropes to the vacant holes on the lower 
guy ring so that force can be applied from a 
safe distance as necessary. 4 
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Fig 11: How the weight of the antenna tends to 
make the mast bend as you hati it up. 
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The ‘Skymiser’ HF 
Antenna 


By John Ellerton, G3NCN* 


original, but it represents the results of 

a search for an adequate 1.8MHz an- 
tenna for housing estate use, and is probably 
a solution likely to gain planning approval. 

In my youth | lived in a village, in a house 
that possessed a 150ft garden and an unused 
field behind it. I never really thought how 
valuable the 270ft Windom antenna was that I 
was able to have. When I moved into the 
present QTH, some 30 years ago, I missed 
sorely the chance to have a good 1.8MHz 
antenna, having to be content with a trap 
vertical with poor radials. 

Now that my family are grown and gone, I 
have taken up radio again and, faced with the 
same small site, have had to rethink the antenna 
solution. This is the result. Of course antennas 
are never complete. There are always improve- 
ments to be tried, but this antenna is now at the 
first effective stage in its design life. It offers 
an effective space-saving solution for 1.8MHz 
- always my favourite band - and now one 
which I can often work with a possibility of 
success. 


THE DESIGN 

THE ANTENNA, with its basic layout shown 
in Fig 1, consists ofa vertical section, fed at the 
top by a horizontal wire, the whole being tuned 
at the end by a conventional tuning arrange- 
ment. There is no complex high-Q matching 
unit, and no single band solution. The antenna 
is simple to construct and will op- 
erate on all bands, but it is only a 
reasonably true vertical on 1.8MHz, 
possibly on 3.5MHz. I will leave it 
to the experts to calculate what the 
theoretical performance is! Though 
simple, you will not get away with 
anything less than hard work to put 
it up. This is because the secret of 
its successful operation will lie, not 
so much in the antenna, but rather 
in the earthing. 

The antenna is electrically con- 
tinuous from the base of the mast to 
the shack. The horizontal wire is 
connected to the top of the mast 
(detail shown in Fig 2) directly, ie 
not insulated. At the base of the 
mast and at the shack are independent earth 
systems. 

At the base of the mast the antenna is 
fastened by two TV antenna-type clamps to a 
*7 Cotterell Close, Bracknel, Berks RG422HL. SSS 


[ese ANTENNA BOASTS little that is 
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2in diameter stub mast about Sft long, 3ft of 
which is driven into the ground. 

The mast itself consists of two 15ft lengths 
of aluminium tube, the larger of which is 
50mm diameter. The other length fits closely 
inside. The diameters are not critical, but the 
close fit of one tube inside the other is. The 
mast sections were obtained from a non-fer- 
rous metal stockist. An overlap of about 300mm 
should be provided at the joint of the two 
sections, then the sections should be drilled 
and secured with self tapping screws (I used 
three rows of 5 screws, 120° apart). 

At the top of the mast a cap of fibreglass 
matting and epoxy resin is employed to keep 
out the rain. When this has hardened, a half 
loop of galvanised (coat hanger) wire is formed 
and laid next to the cap. A collar of fibreglass 
matting is wound around the halfloop and the 
cap, to secure it to the mast head, then soaked 
in epoxy resin by stippling with a brush. The 
top section of the antenna will be fastened to 
this loop. 

A second collar of fibreglass matting and 
resin is constructed just below the cap. Once 
it has cured, four half loops of galvanised wire 
are placed on top of it and bound into place with 
a second layer of fibreglass matting, then 
soaked in epoxy resin (as per the cap). Guy 
lines will be fastened to these loops. 

The earth rods (which double as pickets) are 
driven into the ground using a club hammer. 
The tubing may be expected to fold as it is 


Nottoo obtrusive at the far end of the garden, the 
vertical mast which forms the far end of the ‘skymiser’. 


the ground and continue driving gently until 
the top of the tube is about 6in above the 
ground. Remove the rod one last time, and drill 
transverse holes through it at 6in intervals 
below ground level. Return the rods to the 
ground. 

The guy lines - made from garden line - and 
earthing cables are fixed to the earth rods using 
stainless steel nuts, bolts and washers. All the 
fittings were purchased from ‘Homebase’. 

This antenna is a true ‘Plumber’s Delight’ 
construction. There are no complicated match- 
ing units at the base of the vertical and all 
controls are in the hands of the operator, so that 
changing frequency is as easy as tuning a long 
wire antenna. 


Ground level 


Fig 1: Basic arrangement of the ‘Skymiser’, as implemented at my QTH. 


driven into the ground. Drive in eachrod with 
small, even blows, an even number of times 
around the top of the tube. Every few inches, 
remove the tube from the ground and remove 
any earth from inside the tube, then return it to 
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| TUNING 

TUNING IS accomplished by an 
ATU in the shack. On some fre- 
quencies the feed impedance is 
high - especially on 1.8MHz, where 
the length ofthe antenna approaches 
a quarter wavelength, and also to 
some extent on 3.5MHz - so a 
special ATU was developed for 
the tuning task on those bands. For 
other bands an MFJ tuner is used, 
in just the same way as it would be 
used for tuning any unbalanced 
long wire antenna. The overall ar- 
rangement for tuning is shown in 
Fig 3. 

When the MFJ ATU is used to 
tune the antenna, the output .of the MFJ is 
connected directly to the antenna wire via S1, 
and the ATU is used with tuning elements 
selected. When connected for 1.8MHz, the 
antenna is connected to the top of the ‘tank 
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Fig 2: How the vertical section may be constructed (see text for description). 
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MFJ ATU 
type MFJ948 


the whole coil is used 
for tuning, and for 
3.5MHz the top of 
the coil is at 22 turns 
from the earthy end. 


EARTHING 

AT THE SHACK 
end ofthe antenna the 
transceiver system is 
earthed to three 4ft 
long copper pipes, 
each driven into the 
ground adjacent to the 
house and connected 


Transceiver 


Fig 3: Tuning is accomplished on 1.8 and 3.5MHz using the home-made tuner. On 


other bands the MFJ tuner suffices. 


circuit’, and the MFJ tuner (connected to the 
coil tap) is used without tuning elements. The 
VSWR meter of the ATU serves to indicate 
correct tuning in all cases. 

The coil (L1) used for this tuner was an ex- 
Tx tank tuning coil. Its diameteris 90mm, length 
170mm, and it has 29 turns. The tap is set by a 
rotating ‘finger’ inside the coil which selects the 
appropriate turn for the tap. This is not wholly 
necessary, since the tapping point could be 
achieved by soldering a piece of wire onto the 
appropriate turn of a similar coil. The tuning 
capacitor (C1) is an ex-service wide spaced 
twin gang (2 x 210pF). For 3.5MHz it is used 
alone and for 1.8MHz in parallel with a high 
voltage 85pF fixed capacitor C2. For 1.83MHz 
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Fig 4: Imagined current distribution for (a) 1.8MHz, (b) 
3.5MHz, and (c) 7MHz. 
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together by lin cop- 
per braid. A fourth 
earth pipe is added 
which is connected to the transceiver directly, so 
as to preserve earth but avoid transmission of 
harmonics around the low pass filter system. 

Atthe antenna, the base of the mast is connected 
to a single 2in aluminium tubular post, driven 
about 3ft into the earth, which also serves as the 
main mast support. A further four 2in tubular 
posts, each 4ft long, are driven into the earth about 
4ft away from the mast base and connected to the 
mast by thick copper cable (I used the strapped 
inner and outer of 50Q coax for these connec- 
tions). I lateraddeda further five aluminium posts 
about 3ft long and about in diameter. All posts 
are connected, star fashion, to the mast base, using 
electricians’ earth terminal straps to make the 
connections at the mast base itself. The connecting 
cables are laid in slit trenches, out of the reach of 
lawnmowers! 

In installing the four 4ft, 2in diameter tubular 
posts, each post was driven into the ground a few 
inches at a time, then extracted and the earth 
removed from the interior of the pipe. Repeating 
this every few inches until the pipe was almost 
completely buried, effectively drilleda2in hole in 
the earth. Before finally inserting the post into the 
hole , the 2in pipe was drilled transversely with 
Yin (6mm) diameter holes at regular intervals, 
below expected ground level. The purpose of this 
was that water, poured down the hollow interior 
of these earth pipes, would moisten the earth 
around them, thus keeping the earth resistance low 
even during dry summer conditions. (Ifthe neigh- 
bours ask, the pipes are not expected to grow - 
even downwards - wonderful thought!) 


HORIZONTAL SECTION/ 
DOWNLEAD 
THE HORIZONTAL wire and downlead are 
made from twisting together ten strands of 30S WG 
enamelled wire, which was fastened to anail atone 
end, the other being clamped inahand drill to effect 
the twisting action. The end connected to the mast 
top is mechanically tied to the mast, then the wire, 
terminated in aring tag, is looped and the ring tag 
bolted to the masthead. This relieves strain on the 
electrical connection. 

Allconnections of wire to the mastand between 
mastsections are painted with sealing paint of the 


kindused to make roofs waterproof. The horizon- 
tal antenna wire/downlead are multi-stranded, to 
reduce resistance due to RF skin effect. 


CURRENT DISTRIBUTION 

THE DIAGRAMS of current distribution shown 
in Fig 4 are imagined for 1.8, 3.5 and 7MHz. 
Practical tuning arrangements and behaviours tend 
to suggest that these imaginings may be near to the 
truth! lamnotan antenna expert, so would welcome 
further insights from those who know better. 

On 1.8MHz the antenna behaves as a top fed 
vertical. Radiation tends to be omnidirectional, 
although currents in the horizontal section and feed 
wire undoubtedly modify that. 

Similar behaviour is expected on 3.5MHz, al- 
though modification ofthe omnidirectional charac- 
teristic will be greater, andsomeuseful horizontally 
polarisedradiation helps in more local working (G 
and EU). Because of the length of the overall mast/ 
wire combination being significantly less than a 
halfwavelength, the feed point impedanceis high, 
and needs the special tuning arrangement, similar 
to 1.8MHz. 

On 7MHz the vertical feedwire and the mast 
team upto emulatetwo verticals out of phase, which 
my operating results suggest is true. The antenna 
gives good results east/west, along the alignmentof 
the mast and down lead. Some North/South radia- 
tion is also expected from the top section, but I 
believe this is higherangle and therefore notso good 
for DX. 

Modifying the length ofthe top to be 66ftand the 
masts to be 33ftlong can be expected to enhancethe 
phased vertical behaviour on 7MHz, and increase 
the gain along the direction of the mast/downlead. 
On 3.5MHz the feed impedance should become 
lower and the MFJ tuner will more likely be used 
fortuning. On 1.8MHzthe special tuning unit will 
benecessary more than ever, since the feed imped- 
anceis expected to be raised as the length becomes 
closer to a V4. 


PRACTICAL RESULTS 
THE ANTENNA wasused fortwo years without 
taking serious consideration of the earthing sys- 


One of the earth spikes, showing clearly how the 


tube can be made to collapse ina controlled 
fashion if it is driven into the ground carefully. 
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tem. It behaved tolerably well for G working, 
but was not a competitive antenna by any 
stretch of the imagination. However, until I 
retired and made the time to develop the 
antenna, nothing could be done. The antenna 
was still the best solution for me, since the 
profile was low. A single mast with a thin 
horizontal wire makes very little impression 
on the neighbours! Certainly it is far more 
acceptable to the estate dweller than a SOft 
mast with a 3-element beam on top! Its 
consumption of sky space is really mean, 
hence thename. 

The antenna had, moreover, the virtue that 
it was easy to tune on several bands using the 
MF] tuner, and was a wonderful ‘plumbers 
delight’ antenna in that it needed no mast 
insulator, no base matching unit to remotely 
control, and nothing to waterproof. In fact, the 
wetter the better. 

The gift of an old TV mast from a neigh- 


The ‘Skymiser’ HF Antenna 


Development tuner for 1.8 and 3.5MHz, sitting on top of the MFJ 


bour was the signal for manufacture of the tunerwhichis used on other bands. 


earth system, and this produced a startling 


improvement in ground wave signal strength as . 


experienced by local stations. Obviously the an- 
tenna was worthy of further development. Further 
‘earthworks’ have been undertaken and at present 
the author is experimenting with 4A radials con- 
nected to the mast base, which, after the initial 
quantum leap, make progressively smaller im- 
provements. 


During the latter halfoflast winter I was active 
on 1.8, 3.5 and 7MHz, using 100 watts. So far I 
have worked plenty of USA stations on all three 
bands, Russians (both European and Asiatic), and 
one or two more exotic stations. 

Notably on 1.8MHz: Near and far EU, ZA, 
7X2, EA8, VE3, UA4, RW9, UAY, S59, 9A2, 
UE1, UX9, S58, LY6, UT8, URO, and tens of 


USA stations. 

Notably on 3.5MHz: UR4, URS, HK7, 
UA9, V26, HFO, TF3, VP5, UN2, and all 
EU, plenty of USA. 

Notably on 7MHz: RW9, CO2, URO, 
CP6, PY, EW4, KH6, ZL, JY9, VA3, 
LU1, and again scores of USA stations. 


CONCLUSIONS 

THIS ANTENNA does not represent the 
highest gain, most DX efficient antenna, but 
has proven itself as a very creditable estate 
solution. With its low profile itis arelatively 
non-confrontational antenna when in close 
proximity to anumber ofneighbours, espe- 
cially ifthe mast can be sited close to trees. 
It is easy to engineer, requires little adjust- 
ment, and performs well. It did not winkle 
out 9MOC from the huge pile-up and so far 
has not raised the VP8 station currently 
operating at the time of writing, but it does 
allow the estate dweller to hope for DX, 
local and EU operation on a number of — 
bands. 

Performance on higher frequencies has not yet 
been established, due to lack of operating time - life 
has other things to do as well, even when one is 
retired, especially if one’s XYL is retired too! 

I would be grateful for comments, suggestions 
and further ideas. Catch me through RadCom, in 
the RSGB Yearbook, or on the bands. + 
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A PIC-based Morse 


Decoder 


By Jonathan Gudgeon, G4MDU* 


HIS ARTICLE describes yet another 

ama-teur radio use fora PIC microproces 

ssor; a simple Morse code decoder that 
keeps component count and cost toa minimum. 
It displays characters directly toa LCD module, 
but additionally provides a serial output which 
may be connected to a personal computer’s 
comm port. 

For those of you who are about to skip this 
article for fear of some in-depth assembly code 
routines, read on, as this PIC code was originally 
written in BASIC for the PET personal compu- 
ter. | kept a paper copy of the BASIC program 
for well over 10 years, believing that one day the 
technique used for decoding Morse would be 
useful. That day arrived when I was introduced 
to PICBasicPro [1]. 

PICBasicPro allows BASIC language pro- 
grams to be compiled to an ASM file, then, ifthe 
ASM file is error-free, a compiler proceeds to 
compile a native machine code HEX file which 
may be blown directly into the PIC. 

There are a few problems to overcome con- 
verting old BASIC programs with PICBasicPro; 
the main one being that of speed, as the PIC 
processor executes the program very much faster 
indeed than the PET computer. This necessitated 
the insertion of pauses in the code, to 
slow things up alittle. Other problems 
were all associated with language syn- 
tax, some easier to overcome than 
others. 

The real advantage, however, of 
writing PIC programs in BASIC is the 
speed at which programs may be de- 
veloped. This Morse decoder pro- 
gram took just a few evenings to 
perfect, unlike the many hours that 
would have been required for assem- 
bly language programming. 


MORSE CODE BASICS 
THE TIMING relationships of the 
Morse code when keyed perfectly, 
such as that which may be heard from 
electronic keyers, is illustrated in Fig 
1. Ithas a 1:3 ‘weighting’, where a dash is three 
times longer than a dot. Fig 2 further illustrates 
this weighting and the spaces between elements, 
characters and words. 

Incidentally, some operators employ different 
weightings, to exaggerate the elements of the 
Morse by lengthening or shortening the dots and 


*Shillingsworth Cottage, Leckhampstead Road, Wicken, Milton Keynes 
MK19 6BY 
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dashes. This may make 
receiving the code easier 
under difficult conditions. 
Theimportantpointto note 
however is that a dash is 
always longer than a dot! 
The software in the PIC 
makes the assumption that 
if the element received is 
less than half the length of 
a dash, then it is a dot. 
Theoretically this means 
that different weightings 
will have no effect on the 
decoding ability of the de- 
coder. 


DECODER 

DESCRIPTION 

AUDIO AT headphone socket level is fed into 
atone decoder. This tone decoder acts as a very 
narrow filter, with a bandwidth of approxi- 
mately 100Hz. Whena tone is received within 
its pass-band, the output changes state until the 
input tone is removed. An LED on the output 
of the tone decoder provides a visual indication 
of the received tone. The output is then fed to 


Bay er eS 


Length of one dot 


Length of one dash 


Intra-character spacing 


Spacing between characters 


Word spacing 


Tne —>>- 


Fig 1: Timing relationships between dots, dashes, and spacings. 


a 16C84 PIC microprocessor [2], which forms 
the heart of the decoder. 

When the PIC is first powered-up it proceeds 
to initialise variables within the decoding pro- 
gram and then sets up the LCD module for 4bit 
operation. Next it displays awelcome message 
for two seconds, before clearing the display and 
placinga flashing cursor at the beginning of line 
one. Once this is complete the program is ready 


Completed decorder. 


to begin decoding Morse code. 

This is achieved by a very simple means (see 
the flowchart in Fig 3). The element lengths of 
the Morse code are measured so that decisions 
can be made about whether a dot or dash is being 
received. At first, however, the length of a dot 
or dash is unknown. The program needs to 
receive about five characters to enable it to 
average out the element lengths. Once the length 
ofa dash has been established through averag- 
ing, this process continues through- 
out the decoding process. 

This is achieved by the PIC pro- 
gram configuring PORTB.0(pin6) 
as an input, which waits for ‘key 
down’ to occur. The PIC then meas- 
ures the length of time the key is 
down, by counting the number of 
occasions it loops. This count length 
is then compared with the length 
stored for a dash. Ifthe length is less 
than half ofthe stored dash, it writes 
a dot into the dot register. Ifthe key 
is down longer than half the dash 
time, a dash is stored in the dash 
register. The dash length is then 
averaged again and used to compare 
the next elements received. This 
enables the program to track changes 


in speed. 

The next function of the PIC program is to 
measure the length of time that the key is up. If 
it is up for less than half the dash length, the 
character is not complete. It therefore returns to 
the beginning of the program to capture further 
dots or dashes. If the key is up for longer than 
twice the length ofa dash, it assumes a word is 
complete and prints a space on the LCD module 
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Fig 2: An example of ‘perfectly spaced’ Morse code. 


and out of the serial port. If the key is up for 
longer than halfa dash but less than twice a dash 
the program assumes the character is complete 
and jumps to the look-up character routine. 

The Morse code character look-up routine 
deploys an algorithm that processes the number 
of dots and dashes in the dot and dash registers. 
This calculation produces an index number 
which is used to look up a table consisting of 
120 entries that store all possible Morse code 
characters. The algorithm calculates an index 
number by generating one of three possible 
actions: 


1. If the input is a dash: 


(a) Double the values inthedotanddash ~ 


registers 
(b) Add 1 to the dash register 


2. If the input is a dot: 
(a) Double the value in the dot and dash 
registers 
(b) Add 1 to the dot register 


3. If the character is complete: 
(a) Double the value in the 
dash register 
(b) Add the dash and dot registers 
to obtain the index number 
(c) Clear the dot and dash registers. 


The algorithm - demonstrated in Table 1 - 
has calculated that the index number is 9, so it 
jumps to the 9th entry in the table. In this case 
the 9th entry contains the character ‘R’. 

The lookup table contains the alphabet char- 
acters (which are all capitalised), numbers 0 to 
9, as wellas the following additional characters: 
-/?.,=:3;()“ AR and SK. AR is displayed 
with a * symbol and SK is displayed as a > 
symbol. 

Once the character has been established it is 
sent to the LCD module and output through the 
serial port on PORTB. 1 (pin 7) at 9600 baud 
with 8 bits, no parity and 1 stop bit. 

Every time a character is written to the LCD 
module, the flashing cursor moves one position 
to the right. When the first 16 characters on the 
first line have been displayed the cursor jumps 
to the beginning of the second line. At the end 
of this line the cursor returns to the first and 
begins to over-write the previous characters. 


CIRCUIT DESCRIPTION 

AUDIO FROM THE receiver headphone 
socket is looped through the decoder. The audio 
tones are then frequency decoded by IC1, an 
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LMS567 phase-locked loop. This is configured 
with a decoding bandwidth of about 100Hz. 
When a tone is input to the tone decoder at the 
correct frequency, the output on pin 8 rises to 
5 volts. This is indicated by the LED. When the 
tone is removed, the output state returns to OV. 
The phase-locked loop detect frequency may be 
adjusted for personal preference with RVI. 
The output from IC1 is then decoded by IC2, 
the 16C84 PIC microprocessor. The PIC re- 
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quires minimal additional components to func- 
tion, in this case justa 4MHz ceramic resonator 
and two capacitors. There is no critical timing 
used in this application; therefore a ceramic 
resonator will suffice. 

The PIC software configures the LCD mod- 
ule for 4-bit operation. This requires six lines 
from the PIC (4 data, 1 reset and 1 enable). 
Although 8-bit operation is possible with the 
PIC, 4-bit simplifies the PCB layout. RBO on 


Greater than half 
dash length 


| | Write a dash 
inthe dash | 
register 


; Update dash 
length 
variable 


Less thanhalf (- ~ 
dash length Character 

: notyet 
complete | 


Greater than half 
dash length 


Process dot and 
dash registers to 
calculate the lookup 
table entry number 


7 Send contents of lookup 
table to LCD module and 
serial port 


Fig 3: Flowchart of the program whichruns inthe PIC. 
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PiIC-based Morse Decoder 


Fig 4: Circuit of the PIC-based Morse Decoder. 


pin 7 of the PIC is software configured to 
provide a serial output suitable for interfacing 
directly to most personal computer comm ports. 

Ifyou want to keep arecord of your decoded 
Morse, you may connect the decoder to your 
computer with a 9-way D-type straight lead 
using just two wires on pins two and five. Ifyou 
are running Windows95®, then open 
HyperTerminal and configure for direct comm 
Port operation with 9600 baud, no parity, 8 data 
bits and | stop bit. Text will then appear on the 
computer monitor as itis received. This isa little 
easier to read than the sixteen-character two- 
line LCD module. Please note however that the 
serial output from the PIC is not true RS2372, as 
only TTL voltage levels are used for signalling 
and there is no negative voltage excursion. 
Despite the widespread adoption of this uni- 
polar method of interfacing it may not work 
with some computers. The RS232 standard was 
not provided to keep the component count 
down, should this be essential then the addition 
of a MAX232 and four capacitors is all that is 
required. 

IC3,a78L05 voltage regulator, provides for 
either 9V battery or 12V power supply opera- 
tion. See Fig 4 for the circuit diagram. 


CONSTRUCTION 

THIS IS STRAIGHTFORWARD and should 
take no more than an evening. All components are 
mountedon the PCB withthe exception ofthe audio 
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A one is added to the dash register value 

The next dot is received. Both register values are doubled 
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loop-through sockets, which are left to your per- 
sonal requirements. 

Please ensure that IC1 and IC2 are inserted 
correctly, carefully noting where pin | is on each 
deviceas they are at opposite ends to eachother. Do 
not forget to insert the three wire links on the PCB. 

If you intend to case the PCB (shown in Fig 5) 
then itis important tomountthe LCD moduleproud 
ofthe PCB so thatitis above the height of the 9-way 
D-type connector. This may beachieved by mount- 
ing the LCD onscrewsat the desired height before 
soldering the 14-way pinstrip connectortothe LCD 
module. 


INITIAL TESTING 
POWER UP THE decoder and if all is well the 
LCD module will great you with the message 
“Morse decoder version 1.0’ on both lines of the 
display. After two seconds the display will 
change to a flashing cursor. Also note that the 
LED will momentarily flash, indicating that the 
LED is inserted the correct way round. 

Connect the decoder to a receiver and finda 
tone of constant frequency. I used my HF 
transceiver for this, with the calibration oscilla- 
tor turned on. Set the pre-setresistor RV 1 to mid 
position and slowly adjust the audio tone up or 
down, at one frequency the LED will illuminate 
brightly. 

Ifthe LED illuminates, this informs you that 
the tone decoder is working and that you have 
enough volume from your receiver to drive the 


Table 1: Howthe program registers are modified when the Morse code sequence dot-dash-dotis received. 
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COMPONENTS 


Resistors (all 5% 0.25W metal film) 
R1, R3 10k (G10K) 
R2 33k (G33K) 
R4 100R (G100R) 
RS 4k7 (G4K7) 
RV1 10k horizontal trimmer (UH03D) 


Capacitors 
1 47uF / 16V (AT39N) 
C2 Es 10pFve63V (AT77)) 
€3 2.2uF / 63V (AT75S) 
C4 0.47pF / 63V (AT73Q) 
C6, C7 33pF Ceramic (WXS50E) 
C8 100nF polyester (DT98G) 


Semiconductors 
Tei LMS567CN (QH69A) 
re2 16C84* 
Les LM78LO5ACZ (QL26D) 
Miscellaneous 


LCD Display Hitachi HD44780 / LMO16L 
16 x 2 characters (DK63T) 

4MHz ceramic resonator (DJ32K) 

9way D-type, 90° mounting (FG66W) 

8 way IC mounting socket (BL17T) 

18 way IC mounting socket (HQ76H) 

5mm red LED (WL27E) 

2.54mm Pin Strip 1 length (JW59P) 


References in brackets are Maplin [3] part 
numbers. 

*A pre-programmed chip is available from 
the author for £8 inc P&P. For those who wish 
to program their own chip, the source code is 
available from the author on a floppy disk for 
£6 inc P&P. 


tone decoder. Youmay now proceed to adjust the 
tone decoder to your preferred frequency. Tune 
the receiver so that the tone is on the desired 
frequency, then adjust RV1 until the LED illu- 
minates. 

During the setting-up process you will notice 
that the LCD module is displaying random 
characters, confirming that the PIC microproc- 
essor is attempting to decode. 


PERFORMANCE 
EXPECTATIONS 
YOU ARE NOWready to try decoding a Morse 
code station. Find a strong transmission such as 
those to be found on 14MHz and tune the 
receiver until the LED illuminates in time with the 
Morse code. This requires a little practice at first, 
as the tone decoder must be spot on frequency 
with the LED illuminating brightly throughout 
the reception of the code. Fading will cause the 
LED notto illuminate, so watch out for this. After 
the decoder has received about five characters the 
program will have calculated the length ofa dash 
and begin to display the decoded Morse code. 
At this point you will realise how good the 
human brain is at decoding very weak CW 
signals. Automatic machine decoding is a little 
difficult, but great fun. For the decoder to function 
wellitrequires consistent quality, withouttoo much 
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Fig 5: PCB layout. Note that if you intend to case the project, the LCD display will need to be spaced above the board. 


fading. Some fading is fine, as the decoder 
retains the dash length and continues to print the 
decoded Morse once the signal level returns. 
Ironically, 1 have found that the decoderis a 
good way ofre-learning Morse. My own decod- 
ing, which was only around 20 WPM at best, has 
improved due to the speed at which the brain 


decodes characters. The joy of watching an 
anticipated character appear on the LCD 1s very 
satisfying. 


REFERENCES 


[1] PICBasicPro compiler is manufactured by 
Micro Engineering Labs Inc. 


See www. melabs.com 

[2] 16C84 PIC is manufactufed by Microchip 
Technology Inc. See www.micro chip.com for 
further information. 

[3] Maplin Electronics. PO Box 777, Rayleigh, 
Essex SS6 8LU. Tel: 01702 554000. Web site: 
www.maplin.co.uk + 
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PIC’N’MIX DIGITAL INJECTION 
SYSTEM 

RADCOM, APRIL/MAY 1999 

APRIL, Fig 13. R22 should be 40. 

April, Fig 14. The whole diagram was slightly 
reduced in reproduction, and needs scaling up to 
use as atemplate. Test using a 28-pin DIL socket. 

April, Fig 14 (bottom view). C27 should not 
be soldered to the ground plane. C27 is the 
capacitor just below the bottom right hand corner 
ofthe 28-pin socket. Both leads should be shown 
as an ‘x’. 

May, page 37. The last sentence on the page 
is incomplete, and should read ‘...computed 
from the 1OMHzand | MHz digits of the actual 
frequency, not from the 2-digit key sequence’. 

Peter Rhodes, G3XJP 


DESIGNING ATUS USINGA 
SPREADSHEET 

RADCOM, MARCH 1999 

THE COIL inductances in Fig 3 should be in 
microhenries (41H), not millihenries (mH). 


On page 25, column 3, line 25, for ‘decimal 
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points’ read ‘decimal places’. 
John Robinson, G3MPO 


POOR MAN’S CAESIUM CLOCK 
RADCOM, JANUARY 1999 
BESIDES THE necessity reduce the value of 
R10, in some cases there is a problem with some 
versions of the 1881 chip not producing back 
porch pulses. This is solved by taking the 
negative-going composite sync pulses on pin | 
of the 1881 to pin 11 of IC4 and connecting pin 
10 of IC4 to pin 3 of IC2; cutting the track 
between pins | 1 and 12 of IC4 and also the track 
to pin 5 of ICI. 

Dave McQue, G4NJU 


SGC SG-2020 REVIEW 
RADCOM, MARCH 1999 
G3NQX HAS RECEIVED modification 
instructions from SGC on how to eliminate the 
embarrassing oscillation present in the SSB 
mode. 

Method one requires re-adjustment of the 
broadcast filter by tweaking L2 clockwise or 


anticlockwise very slightly. Do the same with L1 
and then repeat the process until the oscillation 
stops. Method two recommends that a 1k resis- 
tor beplaced between thejunction of L17/C86 
and the anode of D2. 

Owners will be pleased to know that a new 
manual has been drafted and may be downloaded 
from www.sgeworld.com 

Victor Brand, G3JNB 


BUILD AN E-FIELD METER 
RADCOM, APRIL 1999 
THE E-FIELD METER should be useful for 
antenna experiments as it can be calibrated in 
volts/metre, but, as PAOSE found, the readings 
from an HF E-field strength meter vary consid- 
erably due to proximity of conducting objects. 
This meter should not be expected to give 
comparable results to the equipment which the 
RA useifmeasuring the field strength froma UK 
amateur HF transmitter, as they use loop anten- 
nas which measure the H-field (magnetic compo- 
nent). 


Dave Lauder, GOSNO 
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Icom Data Interface 


By ‘The Doctor’ (QST magazine) 


HOWN IN Fig 1 is the circuit for a 
handy little interface, suitable for com- 
puter control of Icom transceivers. It 


also works with Ten-Tec transceivers. The 
significant component is IC1, an RS-232-D 


6 
To 
transceiver 


transceiver chip, which translates between the 
TTL levels the rigs use and the RS-232-D that 
computers use. 

The data termination is shown with a 25- 
way D-type connector, but it can also be used 


D1 
1N4001 
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Fig 1: Computer interface for PC control of Icom and Ten-Tec transceivers. 


ARRL’s Wire Antenna Classics 


A collection of the best articles 
from ARRL Publications 


Described by RSGB Staff 


AS DAVE SUMNER, K1ZZ, of ARRL says, 
“Wire antennas range from simple to com- 
plex, and you can probably find one to deliver 
the performance you want. Most hams who 
operate on the bands below 30MHz have at 
least one wire an- 
tenna. Some have 
only wire anten- 
nas! 
“This is a book 
of antennas and 
ideas. .. Some 
of the chapters 
are classics 
that were pub- 
lished before 
most of us 
were born. 
Others re- 


Ls Wire 
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book choice 


flect the benefits of using the latest in compu- 
ter modelling, followed by physical testing.” 

Chapters include: Dipoles; Multiband Di- 
poles, Loops, Colinears; Vs and Rhombics; 
Wire Beams, Vertically Polarised; Our Friend 
the Tree; Receiving Antennas; and Antenna 
Ideas From WIJF. 

Price £13.60 (RSGB members) - £16.00 
(non members). See RSGB Shop on page 
92/93" 

Published by the American Radio Relay 
League. 

ISBN: 0-87259-707-5 


ON4UN’s Low Band DXing 
By John Devoldere, ON4UN 
Described by RSGB Staff 


THIS IS THE third edition of the essential guide- 
book for low band operators, be they contesters, 
DX enthusiasts, or occasional visitors. 

John Devoldere, ON4UN, will need no 
introduction to those who are already active 
on the ‘low bands’ or in contesting. On 


(suitably re-wired) with a 9-way D-type. It 
plugs into the data socket of the transceiver, 
using a 3.5mm mono jack plug. The whole 
thing can be built on stripboard. co) 


Components 


Resistor (‘4W) 
RI 470R 


Capacitors 
Ci, 


4.4uF 35V electrolytic 


C37455.16 22uF 35V electrolytic 
(EF, $3, 10nF ceramic disc 
Semiconductors 

ICl TAs 

re? MAX232* 

IC3 7805 

D1 1N4001 
Miscellaneous 

Stripboard 


25-way D-type connector 
3.5mm mono jack plug 


*Available from JDR Microdevices 
(www.jdr.com) 


160m John has 
worked more than 
280 countries and 
has the highest 
country score out- 
side of the USA. 
His outstanding 
results are cer- 
tainly not the re- 
sult of pure luck. 
They are 
brought about 
by a profes- 
sional approach, which John shares 

with readers of this.new book. 

Chapters include: Propagation; Operating 
Techniques; Equipment; Software; Feed Lines; 
several chapters on antennas; From Low Band 
DXing to Contesting; and Literature Review. 

592 pages, 275mm x 209mm softback. 

Price £16.58 (RSGB members) - £19.50 (non 
members). See RSGB Shop on page 92/93. 

Published by the American Radio Relay 
League. 

ISBN: 0-87259-704-0 
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Technical Topics 
RADCOM, APRIL 1999 


THERE WAS aslight error in the description of 
the antenna I have made which tunes all fre- 
quencies. I do incorporate a feed-point match- 
ing device, in the form of a toroid to step up the 
impedance ratio of the feed-point to 50Q. 
Larry Parker, VEZEDY 


40A Power Supply 
RADCOM, MAY 1996 


I DECIDED TO build this handy device to 
test some old computer power supplies, but 
soon saw that there was an error in the dia- 


gram [not of the power supply 
itself, but the circuit to test its 
ability to deliver current - Ed]. 

Being a regular reader for 
some years, I have not seen any 
correction. The corrected circuit 
may be seen in Fig 1. 

Let me also add the obvious 
fact that by connecting a bridge 
rectifier before the input one can 
also use this device for AC. 

John Lien, LA6PB 


Technical Topics 
RADCOM, JUNE 1999 


IN THE ‘Here & There’ item on 
page 63 a reference was made to a 
paper presented by representatives 
of Flash ComnyTerion at the IEE 
Colloquium on Frequency Selec- 
tion and Management Techniques 
for HF Communications, 29-30 
March 1999. 

The 7T text refers to Fig 11. This 
figure was in fact redrawn from a 
paper by J Moritz, D Lauder and Y 
Sun titled ‘Measurement of HF An- 
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Fig 1: Corrected circuit of a device to test the ability of a power supply to deliver current. 


conference. Our paper relates to an instrument for 
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= Sy 
Fig 2: The Terion HF/VHF system for short data messages to and from mobile units 
throughout the USA, using 1W ERP HF onthe mobile units and receiving data from 
FM broadcasttransmitter SCA sub-carriers. 


tenna Impedance’, presented at the same IEE HF antenna from 1.8 - 30MHz using very low 
power (less than 1 microwatt). [The “Measure- 
measuring the impedance and phase angle of an ment of HF Antenna Impedance’ text is included 


in this month’s 77, and Fig 2 
shows what should have been last 
month’s Fig 11 - Ed] 

Dave Lauder, GOSNO 


Newcomers’ News 
RADCOM, MAY 1999 


THERE ARE independent 
Raynet® groups throughout the 
UK which are affiliated to the 
RSGB but which have no con- 
nection with the Radio Amateurs 
Emergency Network. There are 
also independent emergency ra- 
dio groups which do not use the 
word “Raynet’. Some groups, of 
whichever type, are listed in the 
RSGB Yearbook. 

All the independent Raynet® 
groups in Kent are affiliated to 
RSGB, the details of which are 
available from Tony Jarvis, 
G6TTL, the Kent Raynet® 
Group County Controller, who 
is QTHR, or e-mail tonyg6ttl@ 
argonet.co.uk 
Smudge Lundegard, G3GJW 
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A Sensitive Loop 
Antenna For 136kHz 


By Tony Preedy, C Eng, FIEE, G3LNP* 


E 136kHz BAND has proved itself 
to be capable, even with our low power 
limitation, of providing the greatest sur- 

face-wave daytime range of any amateur fre- 
quency allocation. However, the band does 
present a few challenges: 

Apart from the problems encountered in 
achieving 1W ERP from a typical antenna 
having less than 0.05% ef- 
ficiency, the main challenge 
provided by the 136kHz 
band is reception in the 
presence of both man-made 
noise and powerful com- 
mercial and broadcast 
transmissions, some of the 
latter being only 15kHz 
from our allocation. For the 
majority of us, who live in 
tural locations with inevi- 
table QRM from domestic 
mains driven appliances 
and lacking the space for 
2km Beverage antennas, 
the antenna that will give 
us unfortunates the best 
chance of consistently 
hearing DX signals in this 
band is likely to be a strate- 
gically sited magnetic loop. 


SOURCES OF 

LF ORM 

THE TYPES of QRM that 
we are most likely to en- 
counter are: 

1. Continuous crackle, 
due to mains equipment 
such as fluorescent lights, 
motor commutators, faulty 
power line insulators, etc. 

2. Occasional bursts of 
crackle, due to thermostats 
and solid state power 
switches. 

3. Spurious signals due 
to finite dynamic range 
within the receiver system 
(broadcast IPs being the 
most common). 

4. Static crashes due to local electric storms 
(worst in the summer). 

5. Unwanted sideband components from 
signals nominally outside our band. The most 


*7 Station Road, Tring, Herts HP23 5NG. 
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significant in southern England being Loran 
pulses, and elsewhere the Short-wave broad- 
cast transmission sidebands relayed on the 
German FSK transmitter that operates on 
138.82kHz (these are reputed to be the result of 
ionospheric cross-modulation, but I am scep- 
tical because only this LF transmission exhibits 
the symptoms, and the effect is still present in 


Asimple timber frame supports the main and notching loops, plus the pre-amp. 


Germany where the ionosphere is presumably 
not involved). 

6. Harmonics of TV line oscillators (I have 
not heard any in our band, however). 

If the location is very quiet, such as I have 
found in the uninhabited parts of North Wales, 
we may be able to hear more persistent atmos- 


pheric noise, as distinct from occasional local 
static crashes. This is what we should be aim- 
ing for as the limiting factor to our reception 
capability. 


RECEIVER LIMITATIONS 

THE NOISE blankers normally fitted to ama- 
teur receivers are not effective in reducing any 
of the above effects at LF, 
because they are wide-band 
devices and cannot differen- 
tiate between noise in our 
pass-band and the adjacent 
strong signals. A peak clip- 
ping device between radio and 
headphones or old fashioned 
noise limiter is effective in 
reducing the harmful effects 
to one’s hearing of static 
crashes, although it may not 
improve readability. 

A directional loop antenna 
will help to eliminate the ef- 
fects of any one and (if we are 
lucky, more than one) of the 
above sources of interference. 

Many of the receivers, in- 
cluding transceivers with a 
general coverage capability, 
currently available are delib- 
erately insensitive in the LF 
region, where their designers 
presumably expected us to lis- 
ten only to strong broadcast 
transmissions. Unlike receiv- 
ers of earlier generations, they 
tend to rely on simple low 
pass filters feeding directly to 
mixer stages, and conse- 
quently lack the front end se- 
lectivity that will effectively 
extend the dynamic range suf- 
ficiently for our purpose. Be- 
cause of this economy they 
inevitably have no RF stage 
and_.consequently are insensi- 
tive at 136kHz. When I first 
transmitted on this band I 
asked friends to listen for my 
signal. Several, even though they were no 
more than 200km away, could not hear me 
when they used a combination of 80m dipoles 
and the general coverage ranges of their ra- 
dios. Most were hampered by lacking a narrow 
filter and/or having a high noise level. When I 
received a 579 report from a station on the 


93 


A Sensitive Loop Antenna For 136KHzZ 


north coast of Scotland we realised how insen- 
sitive the common receiving set-up was at 
136kHz! 

A tuned loop antenna can provide the re- 
quired front end selectivity necessary to re- 
duce the effects of ‘3’ above, whilst incorpo- 
rated pre-amplification will overcome the lack 
of receiver sensitivity. 

The loop antenna described below was re- 
quired to be installed remote from mine and 
neighbours houses, hence away from the usual 
sources of QRM. In my case the antenna was 
placed in a timber framed greenhouse at the 
bottom of the garden. To minimise strong 
signal overload effects it was decided to have 
only sufficient bandwidth to receive the ama- 
teur allocation and thereby also eliminate any 
need for tuning adjustment after installation. 
The loop was to be balanced to minimise pick- 
up of local electric field interference. A single 
length of inexpensive coaxial cable was re- 
quired to carry both the signal and supply 
voltages between receiver and antenna. 

Apart from the intermittent QRM of ‘2’ and 
‘4’ above, most receiving situations have one 
predominant offending signal or local noise 
source, the impact of which can be signifi- 
cantly reduced by turning the loop for mini- 
mum pick-up from this particular direction. 
The ability to subsequently rotate the loop was 
not considered to be important, because to do 
so was not expected to improve the audibility 
of signals received from the direction of the 
interference source. If I have to receive from 
the null direction I use the transmitting antenna 
and accept the extra noise that it introduces. 


LOOP FORMULA 

IF THE REQUIRED resonant open circuit loop 
voltage is ‘E’, when the loop is orientated for 
maximum output from a field ‘e’, then the loop 
sensitivity is the ratio ‘E/e’ given by: 

E/e = 0.00002 x Nx AxQxf 
Where: N is number of turns 
A is loop area in square m 


Q is frequency/bandwidth 
f is frequency in KHz. 


Antenna selectivity depends on the Q of the 
loop winding, therefore we need to know the Q 
necessary to achieve the required bandwidth. 
For our allocation of 2.1kHz, centred on 
136.75kHz, we need a Q of 136.75/2.1 = 65. 

The loop designs of VKS5BA in Amateur 
Radio for August and September 1990 were 
studied. From these it was apparent that to 
obtain the required Q, an unscreened loop on 
a frame of 0.8m side would be required. The 
loop area ‘A’ was therefore fixed at 0.64 
square m. A comparable Q can easily be 
achieved from a ferrite rod antenna, but in my 
experience amplifier noise then becomes sig- 
nificant at the sensitivity required for weak 
signal reception. 
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Fig 1: Loop construction. 


My first attempt at winding the loop used 
enamelled wire of 0.3 mm diameter. This gave 
a measured Q, with the amplifier connected, of 
approximately 40. A second attempt used Litz 
wire of the same overall diameter. This gave a 
Q of approximately 70, which was acceptable. 
By extrapolation, the optimum solid wire size, 
to give a Q of 65, is about 0.7 mm. Thicker wire 
may require the addition of a high value shunt 
resistor to reduce the Q. 


HOW MANY TURNS? 
NOW WE NEED to see how many turns the loop 
should have if it is to provide adequate sensi- 
tivity under practical reception conditions. 
Theoretically there is no limit to how much 
gain one can incorporate into an active an- 
tenna. One obvious possibility is to emulate a 
quarter wave monopole. The sensitivity E/e of 
a loss free monopole is such that even under 
the quietest conditions it would deliver over 
1000pV of noise. Would you believe a report 


Pon 


Table 1: Equivalent atmospheric noise field at 136kHz 
ina bandwidth of 500Hz. 


of ‘S9 plus 30dB but you’re only just equal to 
the noise’? How would your receiver cope 
with the accompanying 12 volts or so from LF 
broadcasters? 

In order to be able to give meaningful re- 
ports to other stations, the loop should have the 
same sensitivity as the associated transmitting 
antenna. My top loaded 20m vertical radiator 
requires 18dB of pre-amplification at the qui- 
etest time in order to produce a noise reading of 
5 on the S meter of my radio when using a 
500Hz filter. This level of pre-amplification 
may appear excessive, but when a narrow IF or 
DSP filter is added for CW reception you will 
wonder where the noise went to! The equiva- 
lent noise voltage was calculated to be: E = 
12.5 nV rms into the pre-amp. 

Table 1 shows that at 136kHz the equivalent 
mean UK winter atmospheric noise field 
strength ‘e’ on a quiet day is 2uV/m in a 
bandwidth of 500Hz. This can sometimes be 
experienced in the morning at mid winter 
although in most situations, with the exception 
of local static crashes, the predominant noise is 
more likely to be man-made. Therefore our 
required loop sensitivity of E/e is 12.5/2 = 6.25. 
This is almost 40dB less sensitive than the 
monopole above! 

Incidentally Table 1 illustrates both how 
pointless it would be to attempt to make contact 
over any distance on LF in the tropical zone, 
and why there are no LF broadcasters in that 
region. 

Rearranging the sensitivity formula we can 
obtain the number of turns: 


N = (E/e)/(0.00002 x Ax Qx f) 
= 6.25/(0.00002 x 64 x 65 x 136) 
= 55 turns 


There is a practical limit, because the capaci- 
tance between turns will make the loop reso- 
nant below the required frequency if too many 
are used in an effort to increase sensitivity. 
With this number and a sectionalised winding 
it is still possible to resonate the loop with a 
small amount of external capacitance. 54 turns 
were used because an even number places the 
centre tap close to the ends of the winding. - 


SHOULD THE LOOP BE 
SCREENED? 

THE CONVENTIONAL answer is yes, be- 
cause a screened loop will help to eliminate 
pick-up from local QRM. The argument is that 
local interference has predominantly an elec- 
tric field, to which a screened loop is insensi- 
tive. However, the electric and magnetic fields 
are comparable after moving an eighth of a 
wavelength from the source. 

The practical answer is no, because a screen 
increases self capacitance, with consequent Q 
reduction. In fact a loop this size with 54 turns 
would be self resonant way below 136kHz, 
because of the added self capacitance due to a 
screen. Therefore, if we use a screened loop we 
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have to both reduce the number of turns and 
accept a low Q, thus failing to achieve both 
required selectivity and sensitivity. Popular 
designs using multistrand screened or coaxial 
cables will generally have insufficient Q to 
adequately differentiate against LF broadcast 
signals when tuned to 136kHz. Although the 
lower sensitivity can be offset with additional 
amplification it must be remembered that the 
broadcast signals will also be amplified, possi- 
bly to the point where the radio is overdriven. 

Provided we use a balanced amplifier we 
can tolerate some electric field pick-up, be- 
cause it appears at both input terminals as a 
parallel mode voltage and is eliminated at the 
balun before driving the coaxial feeder. 

It must be obvious that electromagnetic 
interference is less of a problem for any loop 
antenna installed away from all sources of 
interference. However, VK5BR shows that if 
the loop can be located only 0.005 of a wave- 
length, or about 10m at 136kHz, from a source 
of QRM, the electric field is then only 2.7dB 
stronger than the magnetic field. The extent of 
protection required against in-band noise, ei- 
ther from a screen or balanced construction, is 
therefore quite moderate at reasonable separa- 
tion distances. 

Another question is; should we make the 
loop balanced by having a centre-tap at the 
loop or at it’s tuning capacitor? 

If we use the capacitor to provide a centre- 
tap, it will help to decouple those out-of-band 
parallel mode voltages at frequencies much 
higher than those to which the loop is tuned. 
However, we are often concerned with electric 
fields at the supply mains frequency and its 
harmonics. These can provide a parallel mode 
voltage, by virtue of the loop acting as an 
untuned capacitive probe, which will over- 
drive the amplifier to the point of non-linearity. 
At 50Hz an eighth of a wavelength is 75km and 
rather more than the length of most gardens! 
These low frequency signals can, however, be 
effectively attenuated by grounding the centre 
of the loop (we could ground both the loop and 
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Detail of the pre-amp, which is fixed to the upright supporting member of the antenna. 


capacitor centres, but we risk forming a shorted 
turn if neither is truly balanced). The other 
practical advantages of grounding the loop 
centre are: 

a) that we only need an inexpensive com- 
pression trimmer for tuning, instead of a two 
gang variable capacitor 

b) we do not require gate return resistors, 
which would inevitably load the loop. 


STRONG UNWANTED SIGNALS 

I IMAGINE that VKSBR, like our friends in 
America, does not have to contend with the 
effect of the LF broadcast transmissions which 
we in Europe cannot avoid. These can produce 
fields of 20,000uV/m, even when 100km from 
the transmitter. If tuned to the broadcaster’s 
frequency, the peak voltage for 100% modula- 
tion at the loop terminals would be: 6.25 x 
20,000 x 2.828 = 350,000uV. This is 89dB 
above the noise floor! Almost certainly any 
simple loop amplifier with only a single tuned 
circuit will not have sufficient dynamic range 
to prevent intermodulation or cross modula- 
tion problems when subjected to this sort of 
field strength. 

My solution is a second loop, coupled to the 
main winding, but tuned to notch out the local 
broadcast signal. Experimentally I found that 
an auxiliary loop, using both half the number 
of turns and 65% of the area of the main loop, 
will provide 26dB of additional attenuation 
without significantly degrading either the Q or 
sensitivity of the main loop. 

My home is about 100km from the Droitwich 
198kHz transmitter and | have had no IP 
problems since adding the second loop. Previ- 
ously I did find many spurious signals in the 
band, due to beats between Droitwich and 


other LF transmissions. The worst IP was that 
on 138kHz, being the difference frequency 
between Droitwich and the 60kHz Rugby trans- 
mitter. The resultant BBC Radio 4 modulation 
sidebands extended throughout our band. My 
only solutions, prior to adding the second loop, 
were to either use a valve pre-amplifier or fix 
the null in the direction of Droitwich. The 
former was not practicable with a single inter- 
facing conductor and the latter was not accept- 
able because it was my misfortune to find the 
bearing of my local noise source to be at right- 
angles to that of Droitwich! Where the fre- 
quency of an unwanted strong signal is below 
our band it will be necessary to either add extra 
turns or some fixed capacitance across the 
tuning capacitor of the auxiliary loop. 


LOOP CONSTRUCTION 

FIG 1 SHOWS how to build the loop using 
60mm x 15mm planed timber for the frame 
and 3mm plywood for end cheeks. The slots 
for the main windings are formed by drilling 
equally spaced 5mm holes and making saw 
cuts. There are 10 turns in the centre and 11 
turns in each other slot, with a tap at 27 turns. 
The auxiliary winding has 25 turns, side by 
side, in slots sawn into the sides of the frame. 
Trap tuning capacitor C2 is fixed to the frame 
with a small bracket of sheet aluminium. The 
finished loop should be varnished and mounted 
on a heavy timber plinth. 


PRE-AMPLIFIER 

IN ORDER TO drive a coaxial cable with the 
loop output voltage, we shall need a voltage 
follower amplifier. The ideal input device is 
a JFET, because its very high input imped- 
ance will not degrade the Q of the loop. The 
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ideal output device is an emit- 
ter follower because of its very 
low output impedance. As al- 
ready indicated, the lack of an 
RF amplifier at the radio re- 
quired 18dB of voltage ampli- 
fication. A balanced amplifier 
was chosen because it offers 
the prospect of superior dy- 
namic range. For the same rea- 
son, the FETs should be oper- 
ated with high drain current 
by not biasing their gates. My 
amplifier does not claim to 
offer the best dynamic per- 
formance and I am sure this 
aspect could easily be im- To 
proved. If a FET op-amp suit- 


mixer 
able for a single supply rail is 
available this could also be 
used. In that case the balun ov 


will not be required. 


TRANSMITTER 
PROTECTION 

SHUNT CONNECTED, back 
to back switching diodes, plus series resis- 
tors at the gates of the input stage, allowed the 
loop to be placed 10m from my transmitting 
antenna, with its 5 amps feed current, without 
risk of burning out the pre-amplifier or re- 
ceiver. If you do not intend to transmit on this 
LF band, these components can be omitted. 


AMPLIFIER CONSTRUCTION 

I BUILT THE amplifier shown in Fig 2 on a 
piece of Vero board and fixed it to the frame 
of the loop, close to where the windings 
terminate. The design uses a minimum of 
components. The 2N3819s, TRI and TR2, 
were matched for I, such that the voltage at 
each drain is as near as possible to 5. The 
output transistors, TR3 and TR4, can be 
almost any small signal sili- 
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Fig 2: Circuit of the balanced loop and amplifier. 
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136.75kHz and peak the noise by adjusting 
the main loop capacitor C1. Take the loop to 
its final position, making sure you have a 
good local earth connection for the screen of 
the feeder and the loop. Find the quietest 
orientation. I used headphones and a long 
cable from the receiver for this adjustment. 


RESULTS 
APART FROM THE reduction in broadcast 
interference mentioned earlier, I can confirm 
that moving the loop 30m from the radio room 
and finding the best orientation reduced the 
noise level at the receiver by four S points, (about 
24dB). Even at this distance I can detect noise 
from my PC monitor and lights in the house. 
Fig 3 is based on standard surface-wave 


con PNP type. The bifilar 
balun Tl and choke L3 are 
wound on two-hole ferrite 
cores, lcm square and 5mm 
thick, each with windings of 
20 turns of fine wire. The 
inductance of these is not 
critical, because the imped- 
ance is very low at this point. 
I show one method of sup- 
plying 12V from the receiver 
to the antenna, but other 
methods can be used to suit. 
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propagation curves for 136kHz, 
combined with the noise char- 
acteristics of Table 1. It shows 
how the groundwave range 
achievable with 1W ERP in the 
temperate zone is influenced 
by receiver bandwidth, season, 
time of day and path conduc- 
tivity. A 6dB signal plus (at- 
mospheric) noise to noise ratio 
is assumed. To a first approxi- 
mation the range for any path 
can be determined by interpo- 
lating the percentage sea be- 
tween the appropriate pair of 
land and sea curves. lono- 
spheric propagation should 
theoretically extend the range 
at night. However, in practice, 
although the commercial sig- 
nals within or close to our allo- 
cation are enhanced, the dis- 
proportionately increased noise 
tends to mask the weaker sig- 
nals of distant amateurs at night. 
I gather that many users of the 
band also suffer other forms of reception limi- 
tation at night. In my situation it is currently the 
assortment of spurious modulation sidebands 
of the 138.82kHz signal, even though the 
received carrier does not significantly change 
in amplitude after sunset. * 

My IF filter bandwidth is 40Hz for CW 
reception, implying from Fig 3 a day-time 
range of 1200 to 2100km, depending how 
much of the path is over the sea. Within a radius 
of 2000km from my home I counted 58 coun- 
try prefixes, but few as yet with an LF alloca- 
tion. Some administrations have not imposed a 
limit on ERP and instead have stipulated max1i- 
mum transmitter power. Russia for example 
allows 100W. Perhaps we shall hear some 
strong signals from there although, in the hope 
of being proved wrong, I fear 
we will be fortunate to make 
contact because, all else being 
equal, the range of two way 
QSOs will inevitably be deter- 


mined by the station with the 
lowest ERP. 

EIOCF, at 650km, produces 
an S7 signal here against a day- 


ADJUSTMENT 

THIS IS QUITE straightfor- 
ward. Test the loop close to 
the radio first. Tune the re- 
ceiver to your local LF broad- 
cast transmission and adjust 
the trap capacitor C2 for mini- 
mum signal. Now tune to 
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Fig 3: Theinfluence of season, time, media and bandwidth on the range for manual Morse 
at 136kHz in the temperate zone. One watt ERP for 6dB signal + noise : noise. 
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time background noise level of 
S2 (in 40Hz). This result is 
consistent with predictions for 
1W ERP over a path of only 
20% sea. HB9ASB at 770km, 
over only 5% sea, is perfectly 
readable above the noise. I have 
also listened to OHITN with 
this antenna, over a path of 
1800km that is 60 % sea, when 
his signal was just above the 
noise. Not quite 2000km, but 
he probably wasn’t radiating 
as much as 1 W! + 
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A Simple Digital 
Power Meter 


Part |, by Dave Roberts, GBKBB* 


NE OF THE basic re- 
quirements we face is the 
measurement of RF 2 


power. This article describes a 
simple to build, yet potentially 
accurate digital power meter. Itis 
designed to operate as an inline 
power meter and displays the re- 
sults ona 16 digit LCD display. It 
measures, in one range, power 
from 100nW to 100W (9 orders of 
magnitude) covering all HF bands 
up to 145MHz. It is usable, with 
correction, to 432MHz. ee 

The meter comprises two 
separate parts, an RF unit and a 
display unit. The interface be- 
tween them is a DC voltage 
across a specified range. It is 
therefore possible to re-use ei- 
ther part in different ways - for 
example, the RF unit may be 
built without the digital display, 
either to drive an exiting meter 
or as an RF sniffer. 


SPECIFICATION 

THE UNIT OPERATES over a 
90dB range from 100kHz to 50OMHz and 
displays its results on the LCD display in 
both dBm and watts. The power source is 9 
- 1SV DC, consuming about 12mA. Subject 
to calibration - and that is a big assumption 
- the meter is accurate to within +1dB from 
200kHz to about 175MHz, and the deviation 
from log law is +0.5dB. The frequency re- 
sponse is shown in Fig 1 and Fig 2. At 
432MHz it reads about 5dB low. Please note 
that Fig 2 was drawn from an early proto- 
type, and the low signal performance should 
be slightly better than this. The display shows 
the effect of the 14dB cells in the AD8307. 
The kink near 10dBm is probably a meas- 
urement error. 

The RF unit is based on the excellent 
Analog Devices log detector chip, the 
AD8307 [1] (Fig 3). The display is based on 
a single chip PIC processor, the PIC14C000 
Mixed Mode Controller, which requires pro- 
gramming. This can be achieved via a PC bi- 
directional parallel printer port, using a small 
additional circuit if a programmer that will 
handle the 14000 is not available. 

In the unit to be described, the range of the 


Fig 1: Frequency response from (a) 10 to 500MHz, (b) 100kHz to 1MHz, for the power 
meter. 


*32 Woodbridge Close, Appleton, Warrington WA4 5RD. 
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device is -40dBm (100nW) to +50dBm 
(100W), but the design can be easily modi- 
fied for different ranges, as will be detailed 
later. 

The digital display is not ideal for making 
adjustments to a circuit. If you wish to also 
use it for that, then put a small panel meter 
with suitable series resistor across the output 
of the RF unit. If you don’t need the display, 
just build the RF unit with an analogue meter. 


THEORY OF 


430 
460 
490 


OPERATION 
- RF UNIT 35 
THE RF UNIT is 
outlined in Fig 4, 
with the complete 
circuit shown in 
Fig 5. 

It is in reality a 
lie to call it a 
power meter; it is 
a voltmeter cali- 
brated to give a 
DC voltage that 
corresponds to 
the RF voltage at 
its input. This is 


Error (dB) 


onnwonmrono DN 


scaled to read in a calibrated 
manner when terminated in 
50Q. 

The RF voltage at the input 
is sensed at a BNC socket. 
Typically, this would be di- 
rectly connected via a BNC 
T-piece to a transmission line, 
as the mismatch at the frequen- 
cies of interest here is not sig- 
nificant. The T piece is inserted 
into a correctly terminated 
coax transmission line that car- 
ries the signal to be measured. 
The voltage is AC coupled 
(hence the low frequency limit 
of the circuit) via a resistive 
attenuator into the AD8307 
chip. This is described further 
below, but in essence it deliv- 
ers a DC current correspond- 
ing to the RF input. This cur- 
rent is converted into a voltage 
by passing it through a termi- 
nating resistor and is then buff- 
ered and amplified to give the 
RF unit output voltage. With 
the values shown in Fig 5, the 
output voltage gives a range of 0 to 5 V with 
a 5V supply, giving 2.5V for 0dBm input, 
changing by 0.5 V per 10dB change in input. 
The noise floor of the AD8307 gives a mini- 
mum signal of about 0.5V (-40 dBm) and the 
upper limit is 5V (+50 dBm). If you plan to 
use the digital display unit, then the value of 
R7 must be changed from 33K to 11K. This 
gives a range of OV to 3V, which matches the 
PIC processor ADC range. A reading of 
0dBm will then give 1.5V output, changing 
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Fig 2: Log amperror plot. The display shows the effect of the 14dB cells inthe AD8307. 
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1C2 and C3, the two 
components mounted 
on the track side of the 
PCB, can be clearly 
seen inside the RF unit. 


by 0.3V per 10dB input varia- 
tion. 

The AD8307 is specified over the range 
DC to SOOMHz. A block diagram is repro- 
duced from its datasheet [1] in Fig 3. The 
logamp has a 92dB range to +3dB conform- 
ance and is +1dB over an 88dB range. It is 
important to bear this in mind when using the 
unit. The display shows readings to 0.1dB - 
but purely to aid seeing small relative differ- 
ences - you cannot believe their absolute 
accuracy - that is at best +1dB. The INT and 
OFS inputs allow adjustment of the opera- 
tion of the device. INT is designed to allow 
the intercept point to be adjusted 
- essentially an adjustment of the 
‘no signal’ output of the device. 
OFS is connected to the offset 
null circuits of the device. If you 
think about it, a DC coupled log 
amp operating down to 
microvolts will suffer from DC 
offsets in the amplifiers. To com- 
pensate for this, the chip includes 
an automatic offset null circuit 
that corrects continually for small 
errors. The OFS pin connects to 
the feedback loop within this 
circuit. In this application it is 
unused, as its main purpose is to 
control the low frequency re- 
sponse of the device. Low fre- 
quency signals will tend to be 
cancelled by the offset null cir- 
cuit. This is in part the reason for 
the low frequency tail off of the 
unit below 1MHz. If it is desired 
to extend this low frequency re- 
sponse, a small (eg 100pF) ca- 
pacitor should be connected 
from OFS to ground. This will 
augment the on-chip capacitor. 
The input coupling capacitors 
would likewise have to be in- 
creased. Keep the wires short if 
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you do this. 

The input signal is delivered to a differen- 
tial input with a 1.15k (plus 1.4pF) load. The 
output voltage delivered is 25mV per dB. 
This is achieved by delivering a current 
of 2uA per dB into an internal load of 

125k; 
The circuit shown 
in Fig 5 is a com- 
bination of two 
circuit sugges- 
tions in the manu- 
La etiunert 7s 
datasheet. The 
basic method of 
Operation, as 
suggested by 
Analog De- 
vices, isa 1kW 
power meter 
using an input 
attenuator resistor 
of 100k. I found it dif- 
ficult to achieve adequate 
performance with this imped- 
ance, plus I am not interested in high 
power, so I settled for a 33k input resistor 
and a 100W range. If you wish to create a 
1kW meter, change the resistor to 100k, but 
you will need to be careful about construc- 
tion. The PIC software allows it to be 
configured for full scale ranges of 1kW, 
100W, 10W or 1W. Incidentally, lower val- 
ues of resistance, especially in R2, would 
improve frequency response. You might 
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Fig 3: Block diagram of the AD8307. 
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Fig 4: RF unit outline. 
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care to consider using values of 15k and 
390Q respectively. This would improve high 
frequency response at the risk of heating in 
R1 at high power levels. A 15k resistor 
would dissipate 1/3W at 100W, assuming 
the line is properly terminated. If not, it 
could be much higher. 

IC2 is an output buffer formed of a rail-to- 
rail SV op-amp. This is a fairly cheap surface 
mount device available from Farnell. If you 
don’t fancy surface mount, then the board is 
easy to retrack for a DIL amplifier using a 
slightly larger box. 

RV2 allows roughly 3dB adjustment in 
the intercept point (ie the absolute level of 
output to input) and RV1 allows similar 
adjustment to the slope. This is achieved by 
altering the load resistor, into which the 
current mirror delivers its signal. 

The output lead from the op-amp should 
ideally be decoupled. If this is done through 
a standard InF feed-through capacitor, then 
there is a chance that the op-amp may be- 
come unstable. The phase margin of the op- 
amp in the configuration shown with a InF 
capacitor would be about 10°, but feed- 
through capacitors are not the most accurate 
items in the world. They typically have a 
tolerance of -0% to +200%. This means that 
a InF capacitor may be 3nF. Adequate sta- 
bility at this level is not guaranteed. There- 
fore, you should use & feed-through 
decoupling capacitor of 100pF or 470pF if 
available. If not, use an insulated lead- 
through. If you do use a InF feed-through 
and the op-amp is unstable, 
try a 1k resistor in parallel 
with the output, which should 
increase phase margin by 
about 20°. 


HOW ACCURATE IS IT 
REALLY? 

BEING HONEST, you will not 
see accuracy to within 1dB. 
There are a number of reasons 
for this. Firstly, the AD8307 
has its own inaccuracies. Sec- 
ondly, the unit is frequency 
sensitive. Thirdly, the equip- 
ment against which it is cali- 
brated will have an error. Fi- 
nally, as it measures voltage 
not power, non-50Q systems 
(for example VSWR not 1:1) 
will introduce errors. 

Take an example. If the 
AD8307 is at the extreme of 
its specification (1dB out), the 
signal generator against which 
it was calibrated is out by 
1.5dB and you measure a sig- 
nal on a line with a VSWR of 
1.5 : 1, the error could be as 
much as 4.2dB. 

In practice it will not be that 
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far out, but do exercise caution. The most 
significant place where care should be taken 
is in calibration. If you have a good oscillo- 
scope, use it to check the signal generator 
level. If you have access to a second signal 
generator, use it to check the first as well. 

With care it will measure reasonably accu- 
rately, but remember the display resolution 
is outrageously fine compared to the accu- 
racy. 

One final source of error. If the signal is 
modulated two things will happen. First, the 
low pass filter in the AD8307 will show an 
asymmetry to the modulation, due to the fact 
that it is charged from a current mirror and 
discharged by a resistor. Secondly, and more 
significantly, the ADC used in the PIC14000 
will trigger early on the dips in the RF signal. 
This will cause the meter to read low. The 
signal is low pass filtered and the effect is 
small, but it is still noticeable. If this causes 
problems you might care to consider better 
filtering. 


CONSTRUCTION OF THE RF 
UNIT 

THE PROTOTYPE was built into a standard 

37mm x 37mm tinplate box. It comprises a 

double-sided PCB used to provide a ground 
_ plane plus one signal layer, the artwork being 
shown in Fig 6 with the component place- 
ment in Fig 7a and Fig 7b. The AD8307 and 
_ op-amp may be obtained from Farnell. The 
_ op-amp is cheap (about 35p), but the AD8307 
is expensive (just over £10). The board is 
carefully cut down to size so that it will push- 
fit into the box. The BNC connector is bolted 
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In use, the power meter 
sensing the RF voltage 
on the coax between a 
handheld transceiver 
and a dummy load. 


to one end, so having cut the board to size, 
carefully drill the side of the tinplate box and 
bolt the connector to it. The board is fitted just 
below the socket, so that the pin protrudes 
about 5mm above the ground plane, but to 
achieve this it will probably be necessary to 
file a small recess into the edge of the PCB to 
allow for the rim of the socket. 

When this has been done, drill the PCB. 
Don’t forget to clear all non-ground holes on 
the ground plane side so they will not short to 
earth, but be careful not to clear any holes that 
need to solder direct to the ground plane - 
especially the AD8307 ground pin. Before 
soldering the PCB in, though, don’t forget to 
drill two holes (one for DC supply, one for 
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+In Vpop ENB INT 


IC1 AD8307 


-In COM OFS OUT 


output signal ), in the face of 

the box opposite the 

socket, high above the 

ground plane and above 

the PCB connection 

pads. The power lead 

should be run 

through a InF 

feed-through 

capacitor. 

The signal 

will exit e1- 

ther through 

a feed- 

through ca- 

pacitor or an in- 

sulated connec- 
tor. 

The PCB may 
now be seam sol- 

dered to the tinplate 

box. When it has 
cooled, check that the 
lids can still be fitted 
top and bottom of the 
box. It is worth mak- 
ing sure that it is going to 
fit correctly before you solder it! 

Now assemble the components on the top 
of the board. Leave the input attenuator resis- 
tor and trim pots until last. The AD8307 must 
not be mounted into a socket (yes, it is expen- 
sive, but resist the urge). The ground pin of 
the log amp plus all other earth connections 
solder direct to the surface of the ground 
plane. Turn the unit over and mount the two 
surface mount components. One is the 
AD8307 decoupling capacitor the other the 
op-amp. The decoupling capacitor is mounted 
directly between the power and earth pins of 
the AD8307. There is a simple way to mount 
SM devices. Use a cocktail stick to position 
the device. Cut a small piece of fine solder 


IC2 
LMV321M5 C7 
] see text 


Fig 5: RF unit circuit diagram. See the text on page 16 regarding of the value of R7. It should be 11k 
if the unit is used with the digital display. See the text on page 17 regarding C7 and instability. 
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Fig 6: RF unit PCB track layout. 


(1-2mm long) and place it next to the first pin 
to be soldered. Now hold the device steady 
with the cocktail stick whilst touching the tip 
of a fine soldering iron to the pad, solder and 
pin. The result should be a clean joint. Now 
solder the other pins similarly. The chip ca- 
pacitor is an 0805 size device, the op amp an 
SOT23-5. 

Finally, mount the input attenuator resis- 


tor between the pin of the BNC and the PCB. | 


You may have to cut its length down to get 
it to fit. | also found it beneficial to put a small 
piece of copper foil around the resistor as a 
screen. A small L shaped piece is soldered to 
the side of the box next to the socket and to 
the side and to the ground plane. Don’t get 
too fussy about this - just tack it into place 
with the iron but keep it clear of the BNC pin 
as far as possible. 

Don’t forget to connect the power and 
output signals. 


ALIGNING THE RF UNIT 

THE UNIT IS designed to deliver a calibrated 
output covering 0 to 5V, or 3V if it is to be 
used with the digital display. To achieve this, 


COMPONENTS 
Resistors (all 5% %sW unless otherwise stated) 
Rl 33k 1% 0.5W 
R2 1k5 
R3 33k 1% or 11k 1% - see text 
R4 47k 
RS 4R7 
R6 22k 1% 


RV1, RV250K sub min trimpot 


Capacitors 

Cl, €2 InF ceramic 

C3 0.1u.F 0805 SM chip ceramic 

C4 0.1 uF ceramic 

CS 1pF 16V tantalum 

C6 1000pF feedthrough 

C7 100 or 470pF feedthrough 
Semiconductors 

IC] AD8307 (8-pin DIL) [Farnell 284-040] 
IC2 LMV321MS (sot23-5) [Farnell 101-590] 


Miscellaneous 
BNC socket 


37x37mm tinplate box 
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it is necessary to align it. There are two 
adjustments to make, and the adjustment is 
largely iterative. In the following text, with 
the value of R7 set to 11k as detailed above, 
the voltages below will be different (as shown 
below in parentheses). 

RV2 adjusts the ‘level’ of the input and 
RVI adjusts the ‘slope’. In order to align it, 
you will need an RF source at a known level 
of 0dBm. This is best achieved from a signal 
generator, and a stepped attenuator will also 
be needed. Connect a BNC T piece to the 
input socket, connect one side to the signal 
source through a stepped attenuator and the 
other side to a 50Q load. Connect a digital 
voltmeter to the output and apply 5V DC to 
the power pin. It should draw just under 
10mA. Check the calibration of the signal 
generator if at all possible. 

What needs to happen next is simple, 
iterative and frustrating. You must adjust the 
two variable resistors for correct slope and 
zero point. First switch off the signal source 
but leave the dummy load connected. Adjust 
RV2 so that the DC voltage is about 0.45V 
(0.3V for LCD display version). Now apply 
OdBm and note the input voltage, which 
should be roughly 2.5V (or 1.5V). Drop the 
input signal by 10dB and the reading should 
drop by 0.5V (0.3V). Adjust RV1 slightly 
until it does. Now switch back to 0dBm and 
adjust RV2 for 2.5V (1.5V). Repeat until 
you have a DC output of 2.5V (1.5V) for 
OdBm input that changes by 1V (0.6V) for 
every 20dB change in signal level into the 
load. 

Having achieved this, it is now worth- 
while checking the linearity of the response 
over as wide a range as you have a known 
signal for and check the accuracy across as 
much of the frequency range as you are 
interested in. Note that you can expect a 
small dip at high frequency as the AD8307, 
whilst good, is not perfect and the 1.5pF 
input capacitance causes a roll-off. One thing 
to note in the non-digital display version. 
The unit will deliver 5V for a full scale input 
from a rail-to-rail op-amp - but it needs a 5V 


The RF unit, seen from the component side 
of the PCB. 


supply. Give it 4.9 volts and it will top out at 
2dB less than you were expecting. If neces- 
sary, set the power supply slightly higher, 
such as 5.25V. With a full scale output of 3V 
for the LCD display version, this is not a 
problem. 

You now have a working power meter 
that may either be used on its own or con- 
nected to the display unit. If you connect an 
aerial or similar pickup without a 50Q load, 
it also makes a neat RF sniffer or voltmeter. 


REFERENCE 

[1] AD8307 datasheet, a¥ailable from the 

Analog Devices web site, at www.microchip2 

.com + 
To be continued... 


(b) 


Component placement (underside) 
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Fig 7: Component placement for (a) topside, and 
(b) underside of the PCB. 
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was described. It can be used stand-alone, 
either as an RF sniffer or as a power meter 
with a conventional meter movement. Alter- 


|: PART ONE the RF section of the project 


natively, it can be connected to the LCD unit 
described here, to produce a power meter 
with digital readout. 


LCD Display 


“=10-0dBm 1004. W" 


<t— Optional 
programmer 
—q—p Interface 


DC in PIC 14C000 


CDAC SUM 
Battery 
3% voltage 


sensor ©RsGB RC2350 


Fig 8: Block diagram of the display unit. 


THE DIGITAL DISPLAY 

A BLOCK DIAGRAM of the digital display 
unit is shown in Fig 8 and the circuit is shown 
in Fig 9. The input voltage is scaled to a range 
of 0 to 3V, to match the PIC ADC, and fed into 
one of the PIC Analogue-Digital Converter 
ports. The ADC is capable of reading to 
between 8 and 16 bits resolution by timing 
the period needed to charge a capacitor to a 
given voltage from a stable current source. 
This is converted into an accurate voltage 
reading by performing trial conversions on a 
zero input and a known bandgap reference 
input. Note that the input must be driven by a 
low impedance source for correct operation. 
This is achieved by the op-amp in the RF unit. 
The 100k resistor connecting the input to 
ground is to stop it floating when discon- 
nected (with no signal, the input will not sit at 
OV but at a voltage slightly higher). Ground 
it and the display should show -50dBm. For 
each displayed value, 8 samples are taken 
and the average is displayed. 

The software derives a reading internally 
in volts in floating point format. This is con- 
verted to a notion of dBm by subtracting 1.5V 
and multiplying by a constant of 333.333. 
The result is an integer reading of dBm times 
10 from -400 to +500 (-40.0 to +50.0 dBm). 
This is displayed on the LCD. The reading is 


*32 Woodbridge Close, Appleton, Warrington WA4 SRD. 
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also converted into watts, by performing a 
log table lookup and scaling the reading. It 
therefore displays power in dBm, followed 
by watts. The wattage reading is to two sig- 
nificant figures with decimal point or trailing 
zero as needed followed by the characters 
‘nW’, ‘uW’, ‘mW’ ‘W’ or ‘kW’. 

The software is a crib from one of the 
Microchip application notes [4]. In this, a 
design for a battery monitor is given that 
measures voltage and current and sends the 
resulting readings serially as RS232 data. In 
this circuit, the RS232 module was removed 
and replaced by the power conversion and 
LCD display code. The bulk of the code is the 
original from Microchip. 

The software also performs two other func- 
tions. First, it measures the voltage on a 
second analogue input. It is designed to be 
connected to a resistive attenuator, as shown 
in the full circuit diagram. This is scaled by 
the software, so that when the input voltage 
falls below 8V DC, the power display will be 
replaced by “BATTERY LOW’. In order to 
allow this feature to be switched off, the 
display reverts to power measurement if the 
voltage is below 2V. Hence it may be disa- 
bled by removing the resistor connected to 
the power supply rail. 

Finally, the PIC processor needs to be able 
to time a ramp voltage created by a current 
source driving a capacitor. This is the capaci- 
tor connected to the CDAC input. When the 


The finished article. The power meter in use. 


program first starts to operate, it calibrates 
this slope. If it finds that it cannot, because the 
value of the capacitor connected to CDAC is 
wrong, it will display ‘CDAC TOO LOW’ or 
“CDAC TOO HIGH’, as appropriate. 

The detailed circuit comprises a SV regula- 
tor, the PIC processor, a trimmer pot, five 
capacitors and three resistors (and an LCD 
display of course!). 

You cannot get a much simpler computer. 
There isn’t even a clock - the PIC does that 
itself internally, which reduces RF emissions. 

The LCD display is any of the alphanu- 
meric displays containing the Hitachi 
HD44870 LCD controller family. These are 
available for about £12 from Farnell or Maplin, 
but may also be picked up very cheaply from 
rallies or firms selling old stock lines. In 
general these have a 14-pin single in line or 


The display board. 
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Ic3 
LCD display 


IC1 PIC 14C000 


0 0 
Sa 
Canc 
Ze 


R V 
D D 
0 D 


6 |7 48 9 iO FN fi2 [13 


RF-UNIT- 
INO 
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oPROG-CLK 
oPROG-DATA 


3 +. 
Fig 9: Display unit circuit diagram. Note that the potentiometer connected to the LCD controls contrast. For the Vikay display, connect it only to ground 
and the LCD - leave the connection to 5V open. Omit R11 to disable the ‘low battery’ feature. If the the display shows only the first 8 characters, ground 
the OSC1 input to the PIC. Grounding RCO and RC1 control the display range (see Table 1). 


20-pin dual in-line connector pad block that 
is simply wired to the PIC PCB. The interface 
is an 8 bit data port, an enable signal, a Read/ 
Write signal and a Register Select Signal. The 
communications used is shown in Fig 10. My 
second prototype used the Vikay 216 from 
Maplin. 

Some displays, such as the Vikay 216, split 


DISPLAY UNIT COMPONENTS 
Resistors (all 5% unless otherwise stated) 
R1, R2 100k 

R3 10k miniature pot 

R4 12k 

Capacitors 

Cl luF 16V Tantalum 
C2.'G3, 100nF ceramic 

C4 47nF (see below) 
Semiconductors 

IC1 PIC14C000 

IC2 LM78L05 

IC3 LCD display 
Miscellaneous 
JP1 


3 pin header plus link 
All devices are available from Farnell. 

A display such as Vikay 216 from Maplin 
is suggested, but any similar display will 
suffice. 


It is preferable (but not essential) that C4 
be a low voltage coefficient type, such as 
teflon, polypropylene or polystyrene. 


102 


the 16 character line into two ‘logical’ lines of 
8 characters. To cater for this, the software 
will drive it as a two line display if the PIC 
OSC1 input is grounded. 

The PIC processor operates from 5V, de- 
rived from a small 5V regulator. This also 
supplies power to the AD8307. Whilst the 
PIC is capable of regulating its own supply, I 
thought it better to provide a stable reference 
for the RF unit. You could use a MOSFET and 
eliminate the 5V regulator, but it does not 
seems worthwhile. 

No PCB is provided for the PIC processor. 
It is so simple that it is easier to wire it up on 
a small piece of stripboard than to produce a 
PCB. 


PROGRAMMING THE PIC 

THIS IS THE only tricky bit. If you have 
access to a programmer that supports the 
PIC14C000 then the easiest way is to use that. 
If not, a simple interface circuit is provided in 
Fig 11. 

The PIC is programmed by a serial inter- 
face consisting of clock and data. This is 
easily provided by a PC parallel port. How- 
ever, in order to read the data as well as to 
write it, this needs to be a bi-directional port 
for the circuit shown. Be a little careful here. 
If you have a really old PC, chances are it is 
the original IBM spec port that cannot read 
data on the 8 data lines. If it is more modern 


it may have a bi-directional mode, or it may 
have the more recent EPP or ECP modes. 
These may often be switched into bi-direc- 
tional mode by the BIOS. The data is written 
and read through bit 0 of the data bus on pin 
2 of a DB25 LPT port. The select signal (pin 
1 of the 25 pin parallel port connector) is used 
to clock the data. Pin 17 is used to switch the 
programming supply voltage. Pin 18 is one of 
many that can be used for ground. A short 
cable is constructed with a DB25 LPT con- 
nector at one end and connected to the dis- 
play PCB via a small header. 


Data 
Eon) tbrlyit uf toe ea 


Write data to LCD 


Data 


Read data trom LCD 
@©nases Ac2352 


Fig 10: Communication between the PIC and LCD. 
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Three simple DOS programs 
are available to program the de- 
vice. These are ‘CAL-14K’, 
“READ-14K’ and ‘PROG-14K’. 

It is important that they be run 
from DOS, not from within Win- 
dows (that means rebooting your 
PC into DOS, not opening a DOS 
box from Windows). 

Programming the PIC requires 
a series of 100us programming 
instructions. In order to deliver 
this accurately, the CAL-14K pro- 
gram is used to calibrate a delay 
loop. Programming also requires 
a 13V supply to the chip. Just to 
be awkward, the sequence of 
events needed for the PIC is as 
follows: 

@ Apply S5V to the PIC whilst 
holding MCLR low 

@ Whilst holding RC6 and RC7 
low, raise MCLR to 13V in less 
than 8s 

@ Apply sequence of load, in- 
crement, program and read in- 
structions as required 

® Drop MCLR to OV in less than 8us. 

Full details are in the PIC14C000 program- 
ming guide [2] and datasheet [3]. The PROG- 
14K program takes care of the details. 

In order to program the device, therefore, 
the circuit of Fig 11 may be added to the PIC 
circuit. This comprises a power MOSFET 
switch driven by a Schmidt inverter. It allows 
the PC to drive MCLR to ground or to 13V 
very quickly. Keep the wiring short, as it will 
switch the voltage on and off in times less 
than 50ns and 200ns respectively, and ring- 
ing may occur. The programming circuit is 
connected to three signals from the PC paral- 
lel port. 

Full details on how to use the software are 
not presented here. The PIC source code, 
object file, PC programs (source and 
executables) plus guidance notes are avail- 
able on the Internet from the Warrington 
Amateur Radio Club web site [5]. In over- 
view though, the PC is connected by a short 
lead to the programmer board. The circuit is 
simple, and care must therefore be exercised 
in programming to avoid damage to the PIC. 
The CAL-14K program is run to determine 
the correct setting for a 100us program cycle. 
This also has the side effect of ensuring that 
the signals from the PC are in a ‘safe’ state. 
This is important. The PIC is plugged in and 
the jumper connected to MCLR is set to 
connect it to the programmer circuit. The 


100W FSD 
10W FSD 
1W FSD 
1000W FSD 


RCO, RC1 open (or high) 
RCO grounded 


RC1 grounded 
RCO, RC1 grounded 


Table 1: Setting the power measurement range. 
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ICla 
74HC14 


ICib 
T4HCI4 


ICid 


T4HC14 T4HC14 


Fig 11: Circuit of the PIC programmer. Note that SEL connects to pin 1 of DB-25 
LPT port. DATAO connects to pin 2, EN connects to pin 17, and ground is 
connected to pin 18. 


power supply is set to a supply voltage of 
between 13 and 13.25 volts and connected to 
the unit. The PROG-14K circuit is run to 
program the device. The supply is removed 
and the link reset so that, when it is next 
powered up, the MCLR pin is connected to 
the SV supply. 

Each PIC14C000 is programmed by the 
manufacturer with a set of calibration data 
that is specific to it. Ifyou use anon windowed 
(and therefore non erasable) component, 
then this is of little relevance. If you use an 
erasable device (the PICI4COOOJW,) then 
remember to read and save a copy of the 
device’s specific values. These must be re- 
loaded into the device after erasure. This is 
described in detail in the notes with the 
program [5]. In all cases, the configuration 
data should not be programmed. If you get 
this wrong you can prevent further program- 
ming of the device. The implication of this 
is that the watchdog timer will be active, but 
the software caters for this. 


CHANGING THE PROGRAM 
THERE ARE TWO patch fields available 
which are not shown on the PIC circuit dia- 
gram. These are described in the software 
listings. One is used to select one of 4 differ- 
ent ranges. If you decide to use a different 
AD8307 input attenuator to achieve a differ- 
ent range for the meter, this field allows the 
range to be altered so that the maximum DC 
input corresponds to a display of +60dBm 
(1kW) to +30dBm (1W) in 10dB steps. The 
means to do this is shown in Table 1. 

The second patch field allows reconfigu- 
ration to suit different LCD displays. A dis- 
play may only have a single display line, but 
logically it may be split into two lines. An 


PROG-CLK 


PROG-DATA 
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example of such a display is the 
Vikay 216 from Maplin. With 
such a display, the first and sec- 
ond 8 characters are separate 
‘lines’. The PIC must therefore 
select two line mode and off- 
set the data addresses by 40 
for the second half of the line. 
This is configured by pulling 
the OSC1 input low. For other 
displays, such as the Hitachi 
16 character modules, this is 
not needed. 

If you want to make a more 
radical change, then the PIC 
source is provided. This may 
be assembled using the Micro- 
chip assembler (current ver- 
sion is V0Q2.20 available on 
free download from their web 
site) and to debug the code 
requires MPLAB. This is also 
available free from Microchip 
web site. 

One such modification might 
be to make it into an RF volt- 
meter, and display not power but volts. 


DEBUGGING THE DISPLAY 
THE DISPLAY UNIT is simple enough to be 
easy to debug. The main problem is the 
connection of the PIC to the display. If when 
you power it up there is nothing shown on the 
display, and altering the LCD contrast trim- 
mer R3 does nothing, connect an oscillo- 
scope to RCS. You should find that this is 
normally low, and pulses quickly high after 
every set of readings (about 3 times a sec- 
ond). If you find it stuck at 1, getting set low 
temporarily every 2 and a half seconds, or 
simply low apart from a brief pulse every 2.5 
seconds, then it is likely that the PIC is failing 
to talk to’ the display properly and is being 
reset by the watchdog timer every 2.5 sec- 
onds. 

The way that it talks to the display control- 
ler is as follows: 

During initialisation, it resets the control- 


PIC PROGRAMMER 
COMPONENTS 
Resistors (all 5%, unless otherwise stated) 
R1 390R, 0.5W 
R2, R3 1k 
R4 33k 
Capacitor ‘ 
Ci 100pF ceramic 
Semiconductors 
D1 1N4148 
TR1, TR2 VNO300L 
TR3 dace YEO300L 
Ken 74HC14 
The MOSFETS are available in a variety of 
packages (TO-92e, E-line, etc). Any will 
suffice. They are available from Farnell. 
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ler. This is achieved by initially sending 
commands to the controller, without waiting 
to see if the controller is ready. Then, once it 
believes that the controller is reset, it sends 
commands and data by first checking the 
‘ready’ bit. This involves reading the ready 
flag from the controller, by performing a 
control data read and checking data bit 7. 
Check to see if it is stuck at this stage (see Fig 
10). 

When performing normally, RCS is set low 
when the PIC is performing analogue con- 
versions and set high when it is performing 
calculations and sending data to the LCD. To 
check out the display range, you should find 
that it shows -50dBm when AN1 is grounded. 


FINALE 

YOU MAY FIND that, having calibrated the 
RF unit and connected it to the digital display, 
it does not show quite the right result. To 
calibrate it, apply the RF unit and supply it 
with OdBm as before. It should read cor- 
rectly. If not, a slight tweak to the pots may be 
needed. I am afraid this is iterative. 

Do not get too hung up about the absolute 
accuracy of the unit. Don’t forget that it is 
showing a display outrageously beyond its 
accuracy. It is at best accurate to 1dB and will 
not be perfect across the frequency range. 

Power supply is fairly easy to arrange. 


In a completed sample, the display board can just 
be seen under the RF unit. 


Anything that keeps the 5V regulator happy 
is fine - such as a PP3 or 12V supply. If your 
LCD display has an LED backlight though, 
be careful about how you supply it - or you 
will fry the regulator (it took me ages to realise 
what was causing the horrible smell in my 
first prototype). 

The tail off that can be seen in the fre- 
quency response is largely due to the input 


_capacitance of about 1.5pF interacting with 


the high values of input attenuator. Any addi- 
tional strays introduced by the construction 
may make this worse. On the other hand it 
may make it better - but on the whole keep the 
wiring short and simple. In theory it would be 
possible to match-out the capacitance by a 
much smaller value in parallel with the 33k 
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resistor, but this is very hard to do (the value 
needs to be about 0.2pF). I had a try and gave 
up. Also note that if you change the input 
resistor to 100k you make the effects worse 
and if you lower it the effect is reduced 
slightly. The main determining factor is the 
1.5k resistor. If you produce a better match- 
ing circuit for the range 0.1 to SOOMHz, let 
me know. One such approach suggested by 
G3PTU, is to replace the resistive attenuator 
by a direct coupler, terminating the input with 
a 50Q resistor. 

Finally, it would be possible to compensate 
by getting the PIC to measure the input fre- 
quency and apply an offset automatically. 
The measurement only needs to be approxi- 
mate, but the complexity is not really justi- 
fied. Maybe, if the AD8307 gave an RF 
output from its log amp, I would have done it 
- but a device with that much gain and an RF 
output would almost certainly be unstable. @ 
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Evolution of the 
Personal Computer 


by Peter Finbow, GODEH* 


N THIS DAY and age it may be difficult 

to remember that once upon a time per- 

sonal computers were rare animals that 
cost proportionately far more than they do 
now. They had less memory and far less 
storage space than even the smallest of to- 
day’s machines. To give you an example of 
this, consider my venerable palm top compu- 
ter. It only has 256kb of RAM (Random 
Access Memory), yet machines in the Apollo 
space program had no more memory and 
they piloted rockets to the moon. 

Through this article I will look at the vari- 
ous components of a computer and how they 
have developed through the years. I use the 
initials ‘PC’ to denote a personal computer, 
but this will not always mean the IBM PC or 
its many clones. 


IN THE BEGINNING 

MENTION OF the Apollo series of rockets 
was not just fortuitous. It was as a result of the 
miniaturisation brought about by the space 
programme of the 1960s that the microchip 
came about. This allowed the reduction in 
size and power consumption that made the 
personal computer possible. It was always 
possible to make computers using valves or 
transistors, but these machines were never 
small; nor were they a light load on the power 


supply. 


We are now in the throes of a computer 
revolution. Integrated circuits are getting 
smaller and smaller, while the transistor count 
etched into the wafer is increasing. 


THE CPU 

BEFORE GOING ON to discuss the architec- 
ture a CPU (Central Processing Unit) it is 
important to remember that computers work 
in binary arithmetic. In this implementation 
transistors are used as switches. They can 
either be ‘on’ (1) or ‘off’ (0). This allows 
numbers to be represented by the ‘on’ or ‘off’ 
states of a set of transistors. For example, the 
number five becomes 0101 in binary arith- 
metic. 

Fig 1 shows the basic components of a 
CPU. The diagram used here refers to the 
Zilog Z-80 integrated circuit. This was a very 
popular CPU which was used in early per- 
sonal computers (see later for more informa- 
tion on early personal computers). Fortu- 
nately, CPUs share a majority of common 
features, so the Z-80 is a good place to start as 
it is very simple. 

We begin with the clock. Just as ina PLL or 
DDS (synthesised) transceiver, the clock is 
used to time events and as a general reference 
for the rest of the computer. Most clocks are 
simple crystal oscillator circuits. 

The Instruction Decoder is loaded with the 

instruction indi- 


* Instruction 
decode& | 
control logic 


Control 
< bus > 
(13 tines) 


©rsce AC2356 


Fig 1: Simplified workings of the Z80 microprocessor. Modern CPUs have 
wider buses and run faster, but they still maintain a lot of similarities to their 


elder cousin. 


RSGB TECHNICAL COLLECTION 


16 bit address bus 


cated by the In- 
struction Pointer. 
Once loaded, the 
instruction is 
passed to the rest of 
the CPU for action. 

ineseAL UN ex- 
ecutes mathemati- 
cal actions on data. 
This is all carried 
out in Binary arith- 
metic and using 
Boolean algebra 


4) 


Bidirectional 
8 bit data bus 


| Data bus | 
control | 


(IF, AND, NOT, 
etc). 
The program 


counter or instruc- 
tion counter always 
‘points’ at the next 
instruction to be ex- 
ecuted. Once the 
current instruction 
has been executed 
the IP increments 


Address bus 


Data bus 


Control bus 


Port 
select. 3 


Printer, 
Plotter, 
Scanner, 
etc 
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Fig 2: Simplified block diagram of a computer. 


and points to the next program instruction. 

The registers hold the results of certain 
CPU operations. Flag registers are set to Bi- 
nary ‘1’ or ‘0’, depending on certain condi- 
tions. Programs can directly access the regis- 
ters and use the stored results. 


BUSES 

AS YOU CAN SEE from Fig 2, there are three 
‘buses’. These are used for the transfer of data 
within the computer. The three buses are 
described together, because they rely on one 
another for their function. 


DATA BUS 

THE DATA BUS is used to transfer data 
around the system. As mentioned earlier,the 
data is sent as a binary number. There are 
eight lines to this bus, so the data is sent as 
eight bits or one ‘byte’. It is worth remember- 
ing that this bus is bi-directional. This means 
that other devices (memory, communication 
ports, etc) can also access the data bus. In the 
case of a 16-bit bus, 16 bits of data can be 
passed (this is called a data ‘word’). The size 
of the data bus is governed by the size of the 
data word that the CPU can handle. For 
example, a 32-bit processor needs a 32-bit 
bus. % 

The size of the bus has increased as the 
personal computer has evolved. The early 
systems had an 8-bit bus. As the CPUs be- 
came more powerful 16-bit buses were 
needed. 32-bit buses are common now. In the 
future it is pretty-much certain that 64-bit and 
128-bit processors will become available on 
the home market. 


*6 Down Road, Teddington, Middx TW11 9HA. 
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ADDRESS BUS 

It would be of little use for the CPU to send 
data down the data bus if there is no way of 
indicating where the information should go. 
It is the job of the address bus to carry the 
address information through the system. 
Every device (video adapter, printer port, etc) 
has an address on what is called a ‘memory 
map’. This allows the CPU to send data 
directly to the device or location in memory 
where the data is needed. 

The address bus carries data as a 16-bit 
word, which means that it can address up to 
64kb of memory. If a larger memory is avail- 
able, then the system can operate on blocks of 
memory, switching between them as needed. 
It is worth noting that the address bus is 
double the size (width) of the data bus in this 
case. 


CONTROL BUS 

The control bus has a number of outputs and 
inputs. In the case of the Z-80 there are eight 
outputs and five inputs. The various signals 
on the control bus indicate actions that are to 
be taken by the CPU. For example, if the 
address bus indicates a data storage action 
(data to memory) and there is a valid address 
and there is valid data on the data bus (Boolean 
algebra), the data will be stored at the address 
indicated. On the input side, control signals 
from the system are sent to the CPU over this 
bus. For example, if the memory in the com- 
puter is slower than the CPU there is a danger 
of losing data. In this case the memory system 
sends a ‘WAIT’ command to the CPU, which 
waits until the signal is no longer present 
before sending more data to it. 


INPUT & OUTPUT 
HAVING TALKED about the CPU, perhaps 
we should now look at the input 
and output capabilities of the 
BG: 

In the beginning, input and 
output functions were rudimen- 
tary to say the least. One of the 
first personal computers was 
programmed by setting a series 
of switches on its front panel. 
The output was indicated by a 
set of LEDs. This is not as crude 
as it seems, because at that time 
even ‘main frames’ were being 
programmed using punched 
tape or Telex type keyboards. 
However, it didn’t take long for 
the more enterprising to im- 
prove on this situation. In fact 
this small personal computer 
kit was soon sporting keyboards 
and even VDUs were added 
without too much delay. 

The early computers avail- 
able to the home stored their 
programs on a normal cassette 
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recorder. Programs loaded very slowly. The 
machines were normally limited to 64kb 
memories, or less. Output was onto the family 
TV (or a dedicated TV, if you were lucky), 
using a built-in UHF modulator. An example 
of this type of computer was the Sinclair 
ZX81, which used the Zilog Z-80 CPU. 
Another very popular personal computer 
was the Acorn (now owned by Olivetti) BBC 
B. This machine came with an RF modulator 
and cassette data storage as standard. How- 
ever, is was also equipped to use floppy disk 
drives, RGB (Red-Green-Blue) and compos- 
ite video. It also came complete with spare 
ROM sockets, which meant that programs 
could be stored as part of the computers’ 
internal systems. In addition to all of this the 
machine could have a ZIF (Zero Insertion 
Force) socket added to the keyboard, for 
even more ROMs. The CPU for the BBC B 
was a powerful device called the 6502. The 
operating system came with a very powerful 
version of the BASIC programming language. 


_It even had built-in commands for a small 


robot called the “Turtle’. The BBC B spawned 
spin-off machines which were very popular 
as well. You may still find working examples 
of these at rallies and car boot sales. There are 
still a number in action in shacks today, being 
used for RTTY and other digital modes. 

At about this time Apple were beginning to 
penetrate the home market in a small way 
with the Apple and Apple II. These were far 
more expensive than hobby machines. The 
popularity of these PCs was enhanced by 
their ‘killer app’ (killer application). This was 
a new package from a small company called 
Lotus. The program was Lotus 123. 

To sum-up the story so far, all home ma- 
chines used 8-bit CPUs. Video output was to 
a TV in most cases, and data or programs 


were stored and loaded from audio cassette. 
From here the technology exploded. So at- 
tractive was the market for personal comput- 
ers that even IBM, who had said that their 
future was in mainframes, moved in. It is true 
to say that at this point in time the PC market 
was dominated by business machines, but the 
home user would soon be exerting consider- 
able influence. 

This burst of PC usage gave a young com- 
puter freak called Bill Gates his first step on 
the corporate ladder. At one stage IBM had 
said that they saw the major part of their 
income coming from mainframes, rather than 
the personal computer. They soon realised 
that they had been wrong and the personal 
computer was the thing to be into. They had 
a machine, but no operating system. Gates 
and his team wrote MS-DOS (PC DOS) and a 
legend began. This legend (Gates) now has a 
personal wealth of $56 Billion (yes, Billion). 
Not bad, considering the humble beginnings 
of Microsoft. 


BIG BLUE 
HAVING LOOKED at the earlier computer 
systems, we should look at what is fast be- 
coming the standard home personal compu- 
ter, the IBM PC and its many clones. That is 
not to say that other machines do not sell high 
volumes, but it is true to say that the IBM sells 
well into both the business “and home mar- 
kets. The reason for this predominance is that 
volume of sales of the PC and the sheer mass 
of software available makes it an attractive 
option. There is also a lot to be said for the 
flexibility of the IBM type machine. It is quite 
simple for the end user to change the configu- 
ration of the hardware with just a screwdriver. 
This is enhanced by the Windows ‘plug and 
play’ environment, which allows a user to 
add new hardware to the com- 
puter and have the machine 
detect it and then help with the 
installation of new drivers. 
The first personal computer 
produced by IBM was (not il- 
logically) called the IBM PC. 
Released exactly 18 years ago, 
in August 1981, itcame as stand- 
ard with PC-DOS and a cassette 
input-output system. It could 
be supplied with a 5.25in 360kb 
floppy drive and IBM PC-DOS 
(MS-DOS). The processor was 
a SMHz Intel 8088 (eight bit). 
Following-on from the PC, in 
March 1983 came the PC/XT 
(XT stood for eXtended Tech- 
nology). See Fig 3 for a visual. 
In the earlier models this ma- 
chine had 256kb of RAM, which 
was later upgraded to 640kb. 
There was also a hard drive 
which could store 10Mb on 
early machines and 20Mb on 


Fig 3: An IBM PC/XT. When first released this machine featured 256KB of 
memory anda 10MB hard disk - a revelation to those who were more accustomed 
to running a program in a couple of kilobytes, loaded from tape. 
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later units (imagine running Windows from a 
10Mb hard drive!). There was a move away 
from the cassette tape as a storage medium, 
although the system would support tapes 
with the programs for this being present in the 
operating system. This mark underwent an 
upgrade in July 1985 and was finally dropped 
in July 1987. 

There were three other machines available, 
released between October 1983 and April 
1986. These were the ‘PC Junior’, the ‘PC 
Portable’ and the “PC Convertible’. These 
machines were not as popular as the PC and 
PC/XT models, but are worth mentioning. 
They all used the Intel 8088 CPU. 

In August 1984 the PC/AT was introduced. 
To start with it used a 6MHz 80286 CPU, 
which was upgraded to an 8MHz chip in 
April 1986. The PC/AT was dropped in July 
1987. With the introduction of a better proc- 
essor and a faster clock time, processing 
speed was greatly increased. 

September 1985 saw the introduction of 
the PC/XT 286. As the name indicates, it was 
a PC/XT with a better processor (80286) and 
was quite popular. 

Between April 1987 and July 1987 the PS/ 
2 range of computers were released. There 
were four models; the Model 30, Model 50, 
Model 60 and the Model 80. The Model 30 
used an 8MHz 8086 CPU, the Model 50 used 
a 1OMHz 80286 CPU, the Model 60 used a 
10MHz 80286 CPU and the Model 80 used a 
16MHz 80386 CPU. 

With the introduction of the 80286, the rise 
of the ‘clone’ manufacturers began. Not only 
were the machines copied, but companies 
began to make chip sets for personal comput- 
ers. This allowed them not only to clone the 
basic machine, but also to mount a chip set 
independently of Intel and IBM. Microsoft 
enhanced this move by selling MS-DOS in- 
dependently of IBM. Thus the user interface 
was also available to the clones. 

Another major reason for the explosion in 
the number of personal computers was the 
fall in the price of memory (both ROM and 
RAM). Intel realised what was going to hap- 
pen to the PC market. They understood that 
all the clones that were going to be produced 
around the world would need CPUs. Intel 
supplied processors to any company that 
could pay. This didn’t stop other manufactur- 
ers producing CPUs and BIOS programs. 
Once again the prices fell and the number of 
users increased. 

The fall in the price of PCs was matched by 
a massive increase in the number of logic 
gates that could be etched into a substrate. This 
increased the speed of processing vastly, thus 
increasing the power of modern machines. 
There has also been a massive fall in the price 
of and an increase in the production of PCs. 
With the number of machines being pro- 
duced around the world increasing rapidly, 
the economies of scale brought the unit price 
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Fig 4: Inside a hard disk. As technology has 
advanced it has become possible to pack more 
and more data into a smaller and smaller space. 
Early Personal Computer drives held 10-20 
Megabytes of data, used platters around 5.25in in 
diameter, and were several inches high. The 
latest drives hold several Gigabytes of data on 
platters just a couple of inches across, in a unit 
a fraction of the height. Power consumption has 
also been drastically reduced. 


down even further. 

Through all of this there was asmall company 
growing. It was headed by the enigmatic Bill 
Gates. The company was Microsoft. He and his 
youthful team kept abreast of events by produc- 
ing version after version of MS-DOS. Then 
Gates et al did the unthinkable - they produced 
a GUI (Graphical User Interface) for the IBM 
PC. Up until now only the Apple series of 
personal computers hada GUI. There was a legal 
battle with Apple over the ‘look and feel’ of the 
interface. Inthe end Microsoft won, and the early 
versions of Windows were released. To say that 
Windows revolutionised the PC is an under- 
statement. Before long all machines came with 
the GUI. This new (not so new now) user 
interface enhanced and made simple the opera- 
tion of a PC. There was no longer any need to 
learn complex DOS commands and type them 
in at the keyboard. Now all one had to do was 
click on an icon and things happened like 
magic. 


GRAPHICS 
YOU MIGHT HAVE seen that no mention 
was made of graphics in the short history 
detailed above. This is because of the plethora 
of graphics standards available. In fact a 
number of the graphics standards used by 
IBM are backwards compatible. For exam- 
ple, I used to own a PC/XT. It was fitted with a 
VGA card and produced useful (if jerky at 
times) VGA graphics. This is despite the fact 
that this personal computer was only sup- 
posed to use MDA, CGA or EGA graphics. 
The graphics adapters have always been 
known by the initials of their designations. 


This can lead to confusion, so here is a list of 
the historical standards and some informa- 
tion about the quality of image available. 


MDA 

The Monochrome Display Adapter was the 
first IBM PC graphics card. As its name 
implies, this adapter had no colour capability. 
It was used with a monochrome monitor and 
was intended for text use. 


CGA 

The Colour Graphics Adapter was the first of 
the IBM colour adapters. By today’s stand- 
ards the resolution and colour palette were 
poor. The adapter could be switched to a 
number of modes, either from software or at 
startup. An example of this is the colour and 
character used for the DOS prompt. It became 
possible to define the prompt as required by 
the user. 


EGA 

The Enhanced Graphics Adapter was intro- 
duced toimprove the resolution and improve the 
colour pallet available on the CGA card. 


VGA 

The Video Graphics Array was the highest 
standard of graphics available on the PCs 
previously detailed. The standard of the im- 
age was much higher than that available 
previously. 


Each of these adapters needed a monitor to 
match the graphic capability available. This 
situation changed with the introduction of 
multi-standard graphics cards and monitors. 
These cards could operate on all of the graph- 
ics standards available at the time. When 
coupled with a multisync monitor it was 
possible to choose the best resolution for any 
given application. An example of such a 
monitor is the NEC Multisyne 2. 


MATHS CO-PROCESSORS 
THE EARLY INTEL devices such as the 
8086 were not optimised for mathematical 
functions. If such work was to be undertaken 
in great quantities then a second ‘co-proces- 
sor’ was required. The device used was the 
Intel 8087. This was plugged into a socket on 
the motherboard. Instructions and data for 
the second processor were passed by the main 
processor. The ‘Co-Pro’ passed back the results 
of the calculations to.the CPU. 

A major advance in CPU design was to 
include the co-processor in the same encapsula- 
tion as the main one. 


SOUND 

TO BEGIN WITH, PC sound was restricted to 
a few beeps and burps from the built-in 
speaker, or to sounds coming over the TV 
speaker. At the time it was acceptable, as 
there was nothing better available. As per- 
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sonal computer performance in- 
creased it became possible to 
provide sound cards which pro- 
duced much better sound than 
the computer’s speaker. Now, 
modern sound cards can pro- 
duce audio output that rivals 
some top-of-the-range stereo sys- 
tems. 

It is worth noting that the out- 
put of a good quality sound card 
can be used to modulate a trans- 
ceiver. This allows the PC to be 
used as a voice keyer, digital 
communications terminal, DSP 
system, etc. 


STORAGE & 
RETRIEVAL 
WHEN THE PC was first intro- 
duced, cassette tape storage was 
the norm. Very quickly the 
floppy disk was introduced. The 
first 5.25in disks could store 
360kb of data. This was quickly 
followed by the 720kb 5.25in 
version. The next advance was the 3.5in disk. 
This came in 720kb and then 1.4Mb versions. 
The situation with regard to hard drives 
(Fig 4) has always been dynamic. Disk ca- 
pacity has always been on the increase and 
the trend shows no sign of slowing down. 
A relatively new type of storage medium is 
the CD-ROM. Each of these disks is capable 
of storing a large amount of data and has 
grown in popularity. It is now possible to buy 
a CD WORM drive (Write Once Read Many) 
for a reasonable price. In fact, if you buy the 
right drive and media, the CD-ROM can be 
rewritten several times. 


COMMUNICATIONS 


THE DATA communications facilities on 
the early PCs was the RS-232 serial inter- 
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One of today's PCs. Typical modern machines have up to 128MB of RAM and 10GB 
of hard disk. Most include a high speed modem, the ability to record and play high 
quality stereo sound, a CD ROM and high resolution high speed graphics. It would 
take abrave person to stick their neck out and say whatan off-the-shelf PC will feature 
in another 18 year's time. 


face. Then, as now, the computer was joined 
to a modem via the serial port; however 
modem speeds are much faster now and 
most modems are installed inside the com- 
puter. 

One major improvement in communica- 


tions is the connection of ma- 
chines in the home to ISDN. 
This allows fast communica- 
tion over a dedicated digital 
network. 


THE FUTURE 

WE ALL COMMENT on how 
far the PC has come since those 
early days, but it wasn’t until I 
wrote this article that I realised 
just how far things had really 
come. 

In the 1980s we were using 
machines that are now so out- 
dated that I have to ask how we 
did what we did with them. It 
was probably that they were new 
and we did not have the expec- 
tations that we have today. In 
short, we accepted the limita- 
tions of the time. 

Looking forward in this field 
is a chancy undertaking, but 
some things are certain. There 
will always be a call for the PC. CPUs will 
become even more sophisticated and pow- 
erful. Storage devices will achieve even 
higher densities. 

Put simply, our most sophisticated tool 
will do what it has always done - evolve. 


a 
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Recent Events on the 
Millimetre Bands 
RADCOM, JULY 1999 
On the third from last line of the 5 April log 
extract, change 'Mow Cop! to 'Winter Hill’. 
On the second from last line of the 18 April 
log extract, change the callsign 'G7MFR/P' to 
'G7MRE/P'. 

Peter Day, G3PHO 


Radio Effects of the 1999 
Total Eclipse 
RADCOM, APRIL 1999 
Geoff Grayer suggests that a “simple re- 
ceiver noise detector and integrator” can be 
interfaced to a chart recorder. Since I have 
no access to OST, would it be possible for 
you to supply a copy of the circuit? 

Keith Harris, G1FMU 


[Fig 1 shows the circuit of the integrator, 
as published in April 1995 OST. In the 
article the author also describes how he 
interfaced the audio to a PC, via an A/D 
converter. The computer sampled the au- 
dio (noise) several thousand times per sec- 
ond, then calculated the average RMS 
value and stored it, along with a time 


stamp. Irrespective of whether you inter- 
face the receiver to a chart recorder or a 
computer, listening frequencies should be 
chosen to avoid man-made interference 
such as TV timebases, computer oscilla- 
tors, etc as much as possible. - Ed] 


Eurotek 
RADCOM, JULY 1999 
In the block diagram showing the ATV con- 
trol equipment in the wedding hall of the 
Wimereux municipal building, F/G3GBH 
should read F/G3DGW. 

David Early, G3DGW 


PIC-based Morse Decoder 
RADCOM, JUNE 1999 

When a tone is detected, the output from 
IC1 goes low (not high), in order to illumi- 
nate the LED. 

The position of RI and R2 on the PCB 
layout in Fig 5 should be reversed. Al- 
though, if you get it wrong, the decoder 
will still work! 

The LMOI6L 2-line display has been 
discontinued by Maplin Electronics, but is 
widely available from other sources such 
as: Farnell Electronics (part number 325- 

B75) lela O13 268 


From IN34A 
RCVR or 
speaker 82:1K 1N914 


6311; and JAB Elec- 
tronics; Tel: 0121 
fochane BENGS2 7045. 
reconden Alternatively, 


you can use the 
Weke2e2al oO Las T= 
YGBN from Maplin 
(part number 
NT56), but this dis- 
play won’t fit the 
PCB layout as the 
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Fig 1: A simple integrator used between a receiver’s audio (speaker) 
output and a chart recorder. S1 selects a smoothing (integration) time of 
0.3, 1, 3 or 10 seconds. Values are not critical and equivalent parts can 
be substituted. The important components are the diodes, which must be 


Germanium types. 


connector is at the 
opposite end of the 
display, with all the 
numbering re- 
versed. Also, you 


would need to fit a 4k7 potentiometer 
between the V,, (pin 3 on the module) and 
ground, to alter the brightness. This dis- 
play could be a good choice if you are 
building the project in a box, as the PCB 
could be fitted beneath the display and 
connected with a ribbon cable. 

Jonathan Gudgeon, G4MDU 


Technical Feedback 
RADCOM, JULY 1999 
Regarding the arrangement shown for the 
PSU load tester, I have used this arrange- 
ment for many years and showed it in a series 
of articles on power supplies in the BARTG 
magazine Datacom some years ago. I think 
it should be emphasised that a fair amount of 
heat sinking is required to dissipate around 
550W (13.8V @ 40A) for the time needed 
for a test run. I have mine in a smallish steel 
drum, immersed in about 3.5 gallons of 
transformer oil. 

Ted Hatch, G3ISD 


The Skymiser HF Antenna 
RADCOM, JUNE 1999 
I suspect the antenna works as a big vertical 
loop, with the earth acting as the bottom leg, 
but the two earth electrodes could easily 
introduce a loss resistance of tens to hun- 
dreds of ohms. 

I suggest that a useful experiment would be 
to connect the two earth electrodes with a 
think wire, preferably above earth. The wire 
could be buried, at the cost of some extra loss 
in the earth. 

Dick Rollema, PAOSE 


In Practice 

RADCOM, JUNE 1999 

The formula against the first bullet point on 
page 54 should read: 


@ = 27F 
Tan White, G3SEK 
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Turn Your Dip Meter 
into a Signal Generator 


By lan Braithwaite, G4COL* 


ONSIDERING THEIR simplicity, Dip 
Meters [1] have a remarkable number 
of uses [2]. The subject of this article is 
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Output 
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Fig 1: Block diagram. 
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a levelling amplifier, to which a Dip Meter 
can be coupled to provide a constant signal 
level at a coaxial socket, making a basic 
signal generator. The unit is powered from 
a single 9V battery and has a second output 
socket for feeding a frequency counter. 
The main application is antenna testing, 
using a sensitive bridge [3], where a very 
stable frequency is not generally required. 
The usable frequency range is from about 
1MHz to over 70MHz, and the output level 
is adjustable around -10dBm or 0.1 milliwatt 
(mW), which is about 70mV rms into a 
50Q load. Having a constant signal level is 


SI ; 
power on/off 


R32 Red LED 


—-— 47k 


D8 VW On = battery 


more convenient than coupling to the bridge 
using a simple loop, where output tends to 
vary with frequency and the oscillator fre- 
quency is prone to being pulled. 

Other applications include testing the 
frequency response of filters and amplifi- 
ers: 

No physical connection is involved, the 
dip meter being inductively coupled to an 
internal loop, with an LED indicating that 
the levelling is working correctly. There is 
plenty of sensitivity, which means that 
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where adjustable, the Dip Meter oscillation 
can be set to a low level to reduce harmonic 
distortion. 


BLOCK DIAGRAM 

THE BLOCK diagram is shown in Fig 1. A 
coupling loop picks up the signal, which is 
amplified by a gain-controlled amplifier. The 
output is detected and level compared witha 
reference voltage. Negative feedback to the 
amplifier adjusts the gain, so that the detected 
and reference voltages are equal. Output level 
and frequency flatness are therefore deter- 
mined by the detector. 

The output resistor defines the generator 
source resistance, which in the case of this 
design is 50Q. The constant, levelled voltage 
and output resistor behave as a voltage or 
“Thévenin’ source, as is standard signal gen- 
erator practice. 


CIRCUIT DIAGRAM 
THIS IS GIVEN in Fig 2, and resulted from 
a fair amount of experimentation and circuit 
modelling. The two-turn coupling loop feeds 
acommon emitter transistor amplifier, TR1. 
The AC gain is controlled by a 
Field Effect Transistor, TR2, act- 
ing as a variable resistor. The more 
negative the gain control voltage 
on TR2 gate, the higher the drain- 
source resistance and the lower the 
gain. 

The signal from TR1 is ampli- 
fied by IC1, a video amplifier, which 
has two outputs. One of these, via 
C11 andR17, is the counter output; 
the other is the main output. The 
video amplifier gain is controlled 
by a second variable resistance 
FET, which is connected to the 
emitters of a differential amplifier 
(or ‘long-tailed pair’) stage within 
the integrated circuit. 

Two gain control FETs were 
used in order to obtain a large 
enough gain range. More than 
50dB is achieved up to 20MHz and 
over 30dB at 100MHz (see Fig 3). 

The main output is detected by 
D2, which is fed with a few 
microamps of forward bias to in- 
crease its sensitivity. D3 prevents 
the input of op-amp IC2a going 
sufficiently negative to upset op- 
eration. Temperature compensation 
is provided by D1, which is 
mounted close to D2 and biased 
similarly. The output of IC2a is the 
amplified difference in diode volt- 
age. It sits at or close to 5 volts with 
no input signal, and falls in propor- 
tion to the applied signal (all 
voltages are referred to battery nega- 
tive). 

IC2b is an integrating compara- 
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IC4. R24 allows the 
overall output to be 
adjusted. [C2b out- 
put is applied via a 
set of diodes to the 
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Frequency (MHz) 


mum signal gain. 
When the level- 
ling loop is operat- 
ing, IC2b output slews to the point where the 
control FET’s gate voltage adjusts the gain 
such that the detected voltage shifts IC2a 
output to equal the voltage at the wiper of 


Fig 3: Gain control range: each curve is the amplifier frequency response at a 
constant control voltage. 


R24. In this condition, a small current flows 
into the output of IC2b through the diodes and 
R29. A further very small current flows via 
R27 though the base of TR4, turning it on, and 


127mm 


Fig 4: Printed circuit layout and component overlay. 
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TRS and the ‘Signal Low’ LED 
off. With no (or a very low) 
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which would reduce sensitiv- 
ity. 


input signal, [C2b output volt- 


age rises to the point where 
this current ceases and level- 
ling action is lost. TR4 then 
turns off, and TRS and the LED 


The top photo on page 26 
shows the underside of the 
board, mounted on the lid of 
the plastic box. A hole for the 
dip meter coil is cut in the lid to 


turn on, indicating too low an 
input signal. 


match that in the board. The 


One of the sections of quad 
op-amp IC2, IC2c, is used to 
indicate low battery voltage. 
LED D8 comes on when the 
battery voltage falls below 


battery charging current source 
is mounted off the board in the 
bottom of the box. Wiring to 
the output sockets is in mini- 
ature RG1I78 coax. The fin- 
ished unit is shown in the bot- 


about 7.8V. In the event of the 


battery being too low to light oe 


this LED, the levelling LED 
will also be unlit when the unit 
is switched on, so this condi- 
tion can be checked quite eas- 
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Frequency (MHz) 
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tom photo on page 26. The la- 
50 bels were generated using a 
word processor and printed on 
self-adhesive labels. 


CHECKING & TESTING 


ily. 
For those wishing to use a 


FIRST, CAREFULLY check 
that all the components have been 


re-chargeable battery, IC3, R31 
and D7 provide a constant cur- 
rent charge of about 12.5mA 


fitted in the right place and that all 


the semiconductors are the right 
way round. Then check with a 


when an external supply is con- 


meter across the battery connec- 


nected. Shown on the circuit 
diagram as 12V nominal, a 


range of about 12 to over 30V 


tion that there is no short circuit, 
before connecting the battery. 
Connect the battery or 9V power 


should work. 


supply. The battery voltage LED 
should flash briefly and then go 


CONSTRUCTION 


out. With no fhput signal, the 


FOR ONE-OFFS, rather than 
make a printed circuit board I 
would etch or scratch a two- 
turn coupling loop onto a sin- 
gle-sided copper board, then 
use the rest of the earth plane 
and build the circuitry ‘dead 
bug’ style. This is very quick and easy to 
modify. 

For neater looking one-offs, Oktopad™ 
board, sold by Farnell, gives very good 
results at a price. This has a matrix of holes 
and octagonal pads at 0.lin pitch, with a 
copper earth plane on the other side. Com- 
ponent leads can be bent and the leads 
soldered to the pads. The pads can then be 
linked using a wiring pen or a strand of 
tinned copper wire taken from multi- 
stranded PVC coated wire. A prototype 
built on a similar board is shown in the 
photo below. 


Prototype built on matrix board with earth plane. 
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Fig 5: Frequency response (a) 100kHz to 50MHz, and (b) 50 to 100MHz. 


A printed circuit board was produced, 
and the track and component identification 
are shown in Fig 4. The board is double 
sided, but only one side is etched. The 
other is left as plain copper. The square 
pads are connections to this earth plane, 
and at these points 0.8mm holes are drilled 
and a wire soldered to the ground plane and 
pad to make the connection. For other 
pads, 0.8mm holes are drilled and a drill bit 
or counterbore used to create a clearance in 
the earth plane. Components are inserted 
through these holes and the leads soldered 
to the pads. 

The component side of the finished board 
is shown in the photo bottom right. Notice 
the large hole for the dip meter coil. This 
can be made by drilling a ring of holes and 
breaking through by drilling between them, 
then filing smooth. Alternatively, a hole 
can be drilled with a large enough bit, or 
opened up with areamer, but be careful to 
leave the coupling loop track untouched! 
Note the slot that has been cut in the com- 
ponent side copper (using a sharp knife 
and soldering iron). This prevents the cop- 
per earth plane acting as a shorted turn, 


levelling LED should be lit. 
Check the current drain, which 
should be around 23mA from a 
good 9V battery. 

Switch on the Dip Meter and 
obtain oscillation. Bring the Dip 
Meter coil close to the pickup 
loop. The levelling LED should extinguish. 

The signal level at the main output can be 
checked with an oscilloscope or power meter. 
Into a 50Q load there should be a sinusoidal 
waveform with about 100mV peak. A power 
meter, if available, should read in the vicinity 
of -10dBm. If desired, R24 can be adjusted to 
set an accurate level. This is not necessary for 
most purposes. 

If such test equipment is not available, the 
operation of the automatic gain control can be 
observed using a multimeter, measuring the 
gain control FET’s gate voltage while moving 
the Dip Meter to increase or decrease the 
amount of coupled signal. As the Dip Meter 
is withdrawn, this voltage should rise, in- 
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Componentside of the completed circuit board. Note 
the slot in the copper from the large hole to the edge 
(see text). 
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The printed circuit board in its enclosure. 


creasing the gain. 

If the supply voltage can be varied, the 
battery warning LED should come on at about 
7.8 volts. If only abattery is available, this can 
be checked by adding resistors in series with 
it to vary the voltage at the amplifier. 

If there are problems, check the DC 
voltages, starting with the battery! TR1 should 
have acollector current of just over 2mA, so 
there should be about 100mV across R5 and 
200mV across R13, which means a collector 
voltage 300mV or so lower than battery posi- 
tive. IC] input and output pins should be at 
roughly half the battery voltage. 

Check that the reference voltage at IC4 
output is within 100mV of 5V. As noted in 
the circuit description, with no input signal, 
1C2a output also should be close to 5V. IC2b 
output should be at its positive limit within a 
couple of volts of the battery voltage and the 
gain control FET gates should be at the battery 
voltage. 


PERFORMANCE 

THE FREQUENCY response is shown in 
Fig 5, and should prove acceptable. The 
ripple around 5MHz is due to the onset of 
levelling as the source was swept, and will 
not be apparent when using a Dip Meter. 
The slight rise above 50MHz is due to a 
fall-off in detector sensitivity, and could 
be improved if desired with a lower capaci- 
tance detector diode. 


is Be ee 
The completed unit. 
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COMPONENTS 
Resistors (all 0.6W metal film, R27 F477 k C17 100nF 
unless specified otherwise) R28 47k C18 10nF 
R1 47R R29 4k7 C19 10nF 
R2 10k R30 470R 
R3 1k R31 =100R Semiconductors 
R4 22R R32 47k LCI NES92 
RS 47R R33 150k IC2. LM324 
R6 3k3 R34 = 100k 1@3 3 EMS IE 
R7 47k R35 470k IC4 78L05 
R8 10k R36 100k TRI 2N2369A 
R9 4k7 RSV 92k2 TR29310 
RIO 1k TRE VeIS10 
Rak: Capacitors TR4  BC557 
R12 4k7 Cl 10nF TRS® SB E557 
R13: 100R 2 10nF D1 BAT42 
R14 100k 3 10nF D2 BAT42 
R15 10k C4 33uF 16V D3 1N4148 
R16 ~=100k C5 10nF D4 1N4148 
R17 47R C6 10nF D5 1N4148 
R18 47R CH 10nF D6 Red LED 
R19 47k C8 10nF D7 1N4148 
R20 47k (CY) 33uF 16V D8 Red LED 
R21 470k C10 =10nF D9 1N4148 
R22 470k CH, l0nk 
R23 6k8 Ce 10nr Miscellaneous 
R24 10k horizontal Cisy ink Sl Miniature toggle 
pre-set C14 InF PP3 PCB battery holder 

R295 33k C15 = 100nF Enclosure : 
R26 47k Cl6, 33h BNC chassis socket 

Terminal posts 

OPERATION the loop over the dip meter coil. As the 


IN GENERAL, where adjustment is pro- 
vided, it is good practice to operate the Dip 
Meter with a low level of oscillation, since 
this reduces the harmonic distortion in the 
oscillator. High levels of harmonics can give 
misleading results when using a wideband 
detector such as a diode. For instance, if 
tuning an antenna for 20dB return loss (1.22 
VSWR) harmonics of worse than 20dB be- 
low the fundamental could appear to make 
this unattainable if the antenna system is a 
very poor match at the harmonics. At-10dBm 
output from the levelling amplifier, I have 
found the harmonic distortion is generally set 
by the dip meter. 

Although the battery drain of around 23mA 
will give several hours of operation from a 
PP3 battery, ’it is sensible to turn the equip- 
ment off between measurements. Turn the 
amplifier on before the Dip Meter, giving the 
‘Battery Low’ LED time to flash and turn off 
and the levelling LED to come on. If both 
LEDs are unlit, the battery is probably dis- 
charged. 

If a quartz crystal of the right frequency is 
available, the system can be turned into a high 
stability signal source by coupling the crystal 
to the dip meter coil. This can be done by 
making up a coupling loop of a couple of 
turns, soldering this to the crystal, and sliding 


oscillation frequency is varied, a narrow ‘lock’ 
range will be encountered, where the crystal 
largely controls the oscillation frequency. 

If using sucha stable source to test receiver 
sensitivity with an attenuator, place the gen- 
erator at least some metres away from the 
receiver, otherwise radiated energy will by- 
pass the attenuator. 


SUGGESTIONS 
THE COUPLING loop could be omitted 
and the levelling amplifier driven directly 
from an oscillator, rather than a Dip Meter, 
to make a simple signal generator. Al- 
though this hasn’t been tried, it should be 
possible to omit the transistor gain stage, 
since the gain control range would not need 
to be so large. 

Other implementations of amplifiers and 
gain control elements could be used while 
retaining the essential principle. 
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Microwave Subsystem 


Part one, by Adrian Knott, G6KSN* 


ITH THE introduction of the 
latest satellite receivers with 2GHz 
coverage for reception of Astra 1D 


and now digital, many older receivers have 
become available on the surplus market. Most 
of these are keenly priced, typically between 
£10 and £20. These receivers can be put to 
good use as the basis of a composite micro- 
wave subsystem carrying 625 line colour TV, 
data at 19200 baud or more (for use as a full 
duplex packet radio link) and several hi-fi 
audio channels simultaneously. 

The logical (and probably the easiest) fre- 
quency band to use is 3cm, which covers 10- 
10.15GHz and 10.3-10.5SGHz. The reason for 
this choice is fairly obvious; surplus LNBs 
covering 10.95 to 11.75GHz are readily avail- 
able, as are Gunn oscillator modules operating 
between 10.5 and 10.7GHz. These units can 
be converted to operate in the 10.3-10.5GHz 
range with relative ease, and suitable dishes 
with the correct F/D ratio are available for only 
a few Pounds. Having said this, there is no 
reason why the system would not operate in 
any of the bands above 1.2GHz, so long as a 
Gunn (or DRO etc) oscillator and suitable LNB 
are available for the band in question. 

Workable signals in the 3cm amateur band 
are generally classed as ‘line of sight’, espe- 
cially when low power and wide bandwidths 
are employed. Most satellite receivers have an 
IF passband of around 27MHz, allowing for a 
good video signal-to-noise ratio, even when 
the carrier-to-noise ratio is only 10dB or so. 

A typical Gunn diode oscillator can produce 
around 10mW of RF. Not much you might 
think, but when coupled with a high gain dish 
at each end of the link and a high sensitivity 
LNB things are not quite as bad as they may at 
first seem. A 60cm dish at 10GHz will have 
around 30dB of gain, enough to boost a mea- 
gre 10mW up to 10W erp! The use of wideband 
FM also means that the received carrier-to- 
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noise ratio need only be of the order of 10dB 
for an acceptable link. Line of sight paths of 50 
to 100km now suddenly start to look feasible 
with this type of equipment. 


SUBSYSTEM BOARD 

A QUICK LOOK at Fig 1, the ‘baseband’ 
spectrum of a typical composite signal would 
be in order before a full explanation of the 
subsystem (block diagram in Fig 2) is given. A 
typical luminance video signal will occupy up 
to around SMHz, any less than this and the 
picture will gradually lose horizontal resolu- 
tion. The high frequency end of the spectrum 
is shared by the colour information at around 
4.43MHz. This is possible because of the na- 
ture of these two signals. The satellite receiver 


_ is capable of handling baseband signals up to 


around 10MHz, (27 - (3.5 x 2) /2) MHz, where 
27MHz is the IF passband and 3.5MHz is the 
peak video deviation. In practice signals above 
8.5MHz are seldom used. The point is that the 
baseband signal can accommodate several 
subcarriers that occupy the frequency spec- 
trum above the main video signal. 

Itis customary to use 6.5 MHz (around 75kHz 
deviation) as the main audio subcarrier and this 
has been implemented in the prototype, al- 
though other frequencies may be used as some 
satellite receivers will not demodulate a 6.5MHz 
signal without modification. 

Secondary narrowband (5OkHz maximum) 
subcarriers at 7.02 and 7.20MHz have also 
been included to allow some flexibility on the 
link and have several potential uses such as 
stereo shack audio, AFSK data, station identi- 
fication, etc. 

An FSK data signal is included at 6MHz and 
will operate at all baud rates up to 28800 and 
beyond. The protocol is RS232 (IBM serial 
compatible), but must use software handshak- 
ing since in effect only TXD and RXD lines are 
present. The G8BPQ 408 packet switch soft- 
ware will work well here, and an explanation of 
how to configure BPQ will be included in part 
two of the article. 
Other software such 
as ‘Hyperterminal’ 
and similar comms 
programs can also 
be made to work 
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Fig 1: Baseband frequency spectrum of acomposite signal. 
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to pre-emphasis 


prior to transmission, in order to improve the 
overall signal-to-noise ratio. 


LNBs 

TO RECEIVE the 3cm amateur band it is 
necessary to move the local oscillator fre- 
quency of the LNB from 10.0 (or 9.75GHz) to 
a lower value. Another possibility would be to 
lower the lowest frequency receivable on the 
satellite receiver. In fact there are several pos- 
sibilities. One is to purchase an LNB ready 
converted for the job. These generally have the 
oscillator running at 9.0GHz and thus have full 
coverage. Another possibility is to use one of 
the new generation of LNBs with a 9.75GHz 
local oscillator in addition to an ADX or similar 
converter which will allow coverage of the top 
end of the 3cm band. ; 

My experiments with old Marconi “Blue 
Cap’ LNBs revealed a way of lowering the 
local oscillator frequency from 10GHz to 
around 9.3GHz without resorting to anything 
other than some Evo Stik® and a second ‘puck’. 

The local oscillator in an LNB has its fre- 
quency controlled fairly precisely by a small 
device akin to a crystal, known as a ‘dielectric 
resonator’ or ‘puck’. There is no direct electri- 
cal connection to the puck, as its proximity to 
the oscillator circuitry is sufficient to accu- 
rately control the frequency. I found that add- 
ing a second puck and changing the dielectric 
constant of the oscillator chamber with glue is 
sufficient to cause quite a dramatic frequency 
shift. This may not be the most elegant solution 
to the problem, but it certainly works! 

The front end of the LNB will not quite be 
tuned to the correct frequency, so sensitivity 
will be a little down on normal, but unless you 
have access to a microwave signal generator 
and spectrum analyser it will have to be toler- 
ated. This method does of course mean that a 
second puck from a broken LNB is required. 


BLUE CAP LNB CONVERSION 
ACCESS TO A microwave source (Astra) to 
determine the effect of the process is impor- 
tant. A suitably located dish set up for Astra in 
the shack will be found to be very useful. If 
your shack does not have a south facing win- 
dow, then you are in trouble. 

Firstly, check the LNB’s local oscillator 
frequency by tuning to ZDF. This is the lowest 
frequency transponder on Astra 1C and is 
normally the last station that can be tuned-in on 
an old satellite system (one which utilises an 
LNB with the local oscillator running at 
10.0GHz) when searching from high to low. 
The satellite receiver should show 963MHz on 
its display. Make a note of picture quality at this 
point. It is obviously important that we do not 
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Fig 2: Block diagram of the subsystem. 


degrade this too much by our efforts to pull the 
local oscillator low in frequency. If ZDF is P5 
then it should still be so after the modification 
has taken place. 

Drill out the four rivets that hold the back 
cover of the blue cap LNB in position and 
remove it. Carefully remove all the Allen screws 
that hold the aluminium casting in position and 
store them in a safe place. Glue the second 
puck in position as shown in Fig 3 and replace 
the aluminium casting, but only use two Allen 
screws to hold it in position temporarily. These 
Allen screws are very fragile, so only use the 
minimum force to tighten them. Reassemble 
the LNB on the dish and check ZDF’s new 
frequency. This should be around 200MHz 
higher, ie 1163MHz. Tuning the satellite re- 
ceiver to a lower frequency should reveal Astra 
1D at this stage. Undo the adjustment screw on 
the casting over the oscillator compartment 
and note that the local oscillator frequency 
decreases further. Disassemble the LNB again 
and add a layer of glue within the oscillator 
compartment, covering both of the pucks and 
the tuned lines. Allow it to dry for a few minutes 
and recheck the frequency as before. As the 
glue dries, the local oscillator frequency will 
increase slightly. Add several layers of glue 
over a period of a few hours until the desired 
effect is achieved, checking the change in 
frequency each time by monitoring Astra. The 
frequency stability will be poor until the glue 
has had a chance harden properly (a day or 
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two). To cover a sufficient part of the 3cm band 
for full duplex operation, the local oscillator of 
at least one of the LNBs used on the link must 
be moved by not less than 600MHz to 9.4GHz. 


MAIN BOARD CIRCUIT 

REFERRING TO Fig 4, IC5 is fed with 15V 
unregulated, and produces a regulated 12V 
output to supply the entire circuit. C47, 48 and 
49 decouple ICS and help prevent instability. 
1V peak to peak video is fed to R49 and RV8, 
which together form the required 75Q termina- 
tion. A fraction of this video signal is taken 
from the slider of RV8 and fed through DC 
blocking capacitor C43 to the base of TRS, 
which inverts the video signal and also com- 
bines the various subcarrier signals which are 


fed to its emitter through C44. The composite 
signal thus produced appears on the collector 
of TRS. TR6 amplifies and once again inverts 
it. The high frequency gain of this stage is lifted 
by C46 in the emitter circuit, to pre-emphasise 
the video. The gain of this stage is substantially 
flat above SMHz and so the subcarriers, al- 
though amplified, are not pre-emphasised. 
The collector of TR6 is DC coupled to the 
base of TR7, which in conjunction with TR8 
forms a Darlington pair. R58 overcomes the 
internal capacitance of the transistors and helps 
maintain the HF response. DC negative feed- 
back from the emitter of TR8 is fed back 
through R60, R86 and RV9 to the base of TRO. 
The resting DC level at the emitter of TR8 can 
thus be set by adjusting RV9. R61 in conjunc- 


(a) 


Fig 3: A ‘Blue Cap’ LNB can be ‘pulled’ LF using a second puck and Evo Stik®. 


(b) 
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tion with the output impedance of TR8 provide 
a reasonable match to coaxial cable. R61 also 
acts as a current limiter in the event of a fault 
ever arising. 

The audio subcarrier generators are virtually 
identical, so only the left ‘line’ input circuit will 
be described. Audio at line level feeds to an 
inverting op-amp, ICla, through Cl, which 
provides low frequency roll off and DC block- 
ing. The gain of the stage is set by RV1. The op- 
amp is run from a single-ended supply, so a 
potential divider consisting of R2 and R6 holds 
the non-inverting input at half the supply rail 
and thus provides bias. C2 decouples this 
supply. The output from [Cla is fed through an 
equalising network R3, C3, C63, R4 to ICIb, 
another inverting amplifier. C4 rolls-off the HF 
response. The amplified, equalised output is 
fed through a potential divider to lower the DC 
resting voltage to 3V and then feeds a varicap 
diode, VD1, through R79. This causes the 
oscillator based around TRI, L1, C7, C8, C9, 
C11 etc to become frequency modulated. The 


centre frequency of oscillation is 7.02MHz for . 


this channel. A fraction of this RF signal is 
tapped off through R41, RV4 and combined 
with the other subcarriers through R42. 

The data signal which nominally uses +12V 
for the two logic levels (note that this input is 
not TTL compatible) is fed to an inverting 
comparator which will produce an output of 
approx +11¥V for any input less than 5V and 
approx +1V for any input greater than 7V. This 
signal is fed to an inverting amplifier whose 
gain is less than unity and can be adjusted by 
RV 10 to set the deviation to the correct value. 
C35 and R36 determine the cut-off frequency 
of the amplifier and form a low pass filter (6dB 
per octave) to prevent the bandwidth of the 
resulting FM signal from becoming excessive. 
TheVCO stage is identical to that of the audio 
subcarrier oscillator stage described previously. 
The combined subcarrier output is fed via C72 
to a common emitter buffer amplifier based 
around TR10. The output of TR10 feeds the 
emitter of TRS via C44. 

Referring to Fig 5, the unequalised compos- 
ite baseband signal from the satellite receiver is 
fed to the primary of L6 via R62. The second- 
ary of L6 is bought to resonance at 6MHz by 
C67. The secondary tap feeds CF1, a 6MHz 
ceramic filter. TR9 and associated components 
form a common emitter amplifier, the output of 
which feeds a second ceramce filter, CF2. The 
resultant filtered FSK data signal is fed to a 
discriminator, IC6, a TBA120S. LS is the 
quadrature coil and demodulated data appears 
at pin 8. This is amplified by IC7a and the zero 
crossing point is set by RV11. IC7b forms a 
Schmitt trigger and an RS232 compatible data 
signal appears at both the outputs of IC7b and 
IC7c. R75 acts as a current limiter in the event 
of a fault, and will also help prevent instability 
if the IC is required to feed a length of screened 
cable. 

IC8 is a 555 timer, configured as an astable 
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Fig 4: Part of the circuit diagram of the subsystem. Refer to the text for a detailed description. 
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Resistors 

Rial 70) 47k 
ROSIN DD 10k 
R3 13223 22k 
R4, 14, 24 1k 
RIB, GS 100k 
R6, 16, 26 10k 
Reel 2h 100R 
R8, 18, 28, 38 lk 
RY, 19, 29, 39 1M 
R10, 20, 30 10k 
ROMIE Sessile Shy ka) Allis 
R31 100k 
Resell, aise Ziby ey WPI 
R37, 49 100R 
R40, 84 5.6k 
R42, 44, 46, 48 10k 
R50 12k 
R51 4.7k 
R52, 53 560R 
R54 15k 
RSS 560R 
R56, 59, 63, 64 330R 
R57 120R 
R60, 66, 71, 72 4.7k 
R61, 93 10R 
R62 82R 
R65 270R 
GTO Saerul 22k 
R69 56k 
R73 1M 
R74 1.5k 
R75, 91 470R 
R76, 86 4.7k 
R78, 80, 82 10k 
R79, 81, 83 33k 
R85 3.9k 
R87, 92 470k 
R88 330R 


COMPONENTS 
R89 1k 
R90 100R 
ROVE 29 100k 
RV3 1M 
RV4, 5, 6, 7 10k 
RV8 1k 
RV1O 22k 
Capacitors 
Cl 0.47uF 10V electrolytic 
2 10uF 10V electrolytic 
C3, 14, 25 2.2nF polyester 
C4, 15, 26 82pF ceramic plate 
(Cay (O66 100nF polyester 
G7, &8 150pF ceramic plate 
CO Sit 22nF polyester 
C10, 32 390pF ceramic plate 
Glirgs3 10pF ceramic plate 
(Ci? 0.47uF 10V electrolytic 
C13, 34 = 10uF 10V electrolytic 
C16, 17 ~=100nF polyester 
C18, 19 150pF ceramic plate 
C20 22nF polyester 
OI 390pF ceramic plate 
C22 10pF Cceramic plate 
C23, 24 ~=10uF 10V electrolytic 
(C2 Ze) 100nF polyester 
C2030) 150pF ceramic plate 
C35 InF ceramic disc 
(C3Koy, Si// 100nF polyester 
C38, 39 = 150pF ceramic plate 
C40 22nF polyester 
C41 100pF ceramic plate 
C42 10pF ceramic plate 
C43, 45 100pnF 16V electrolytic 
C44 47pF ceramic plate 
C46 1500pF ceramic plate 
C47, 48 100nF polyester 
C49, 50 10uF 25V electrolytic 


C51, 52  22nF ceramic plate 
C538 InF ceramic plate 

C54 220pF ceramic plate 
55 100nF polyester 

C56 22nF polyester 

(ay 100uF 25V electrolytic 
GSS 61! 100nF polyester 

C59, 60 220uF 16V electrolytic 
C62 220uF 16V electrolytic 
C63-65 1uF 16V electrolytic 
C66 22uF 16V electrolytic 
C67 270pF ceramic plate 
C68 10nF polyester 

C69 2.2nF polyester 

C7 Orel 22nF polyester 

(Cy 47pF ceramic plate 
Semiconductors 

Rea 2N3819 

RS AOy 7) BC548 

TR8 2SC2166 

TR9, 10 BC548 
IGI;.253, 4 TLO72 

eS 7812 

1C6 TBA120S 

1C7, TLO84 

IC8 NES555 
DiS 1N4148 

VD1, 2, 3, 4 BB329B or 1N4002 
LED1 Red 0.2in 
LED2 Green 0.2in 
Miscellaneous 

L1-L6 Toko KANK3334R 
CBee? SFE 6.0MB 6MHz ceramic 
PCB Veropins Case 


Sockets for video, audio, data, power 
input and Gunn supply 
Knobs for some functions (but can be preset) 


Baseband 


ine CFI 
SFE 6MB Re7f | TRI 
c Aes 6MHz 470k j BC548 
ceramic 14 
" C68 hs 
" 10n 
Le} tt 
cata blfe tt |, 862 
3334R 5! c69 
C67 2n2 
270p 


CF2 
SFE 6MB 
6MHz 


ceramic 


R90 100R 
as 


multivibrator. It provides the negative supply 
for IC7. A high frequency square wave ap- 
pears at pin 3 and is fed through C57 to a diode 
pump circuit, D1 and D2, the output of which 
is filtered by C58 and C59. This produces 
around -9V, a fraction less than the positive 
supply rail (but this is of no consequence). ¢ 


To be continued... 
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Fig 5: Remainder of the 
circuit diagram of the 
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Final part, by Adrian Knott, G6KSN* 


tem was followed by details of how to 

convert satellite TV “Blue Cap’ LNBs 
for use on the 10GHz amateur band. This 
was followed by the circuit diagram of the 
subsystem. In part two the PCB is shown 
(Fig 6), plus details of construction and 
alignment. 


CONSTRUCTION 

THIS IS QUITE straightforward. None of 
the components is sensitive to static and 
no special handling precautions are re- 
quired. However, it would be a good idea 
to leave insertion of the semiconductors 
and inductors until last, as excessive heat 
can cause problems with both. The inductors 
have very fine wire attached to the five 
pins around the base that can be damaged 
if the pins are forced. Personally, I would 
begin construction by inserting the 
Veropins, followed by resistors, capaci- 
tors (remembering to check the polarity of 


I: PART ONE a description of the sys- 


*65 Bolton Court, Ocker Hill Road, Tipton, West Midlands DY4 OUU. 


electrolytics), filters, inductors, diodes, 
transistors and finally the ICs, again ob- 
serving polarity/orientation. 


INITIAL CHECKS 

ENSURE ALL components are of the cor- 
rect value and, if polarity conscious, in- 
serted the correct way round. Check the 
PCB thoroughly for shorted tracks and dry 
joints. A little care at this stage can prevent 
hours of head scratching and fault finding 
later. Apply the 15V power supply to the 
unit and check that the regulated supply is 
in fact 12V. Table 1 gives typical voltages 
around the semiconductors for reference 
and fault finding. If all appears well, set 
RV1, RV2 and RV3 sliders to their mid 
positions, RV4, RVS, RV6, RV7 and RV8 
sliders to the earthy end. Finally set RV10 
to maximum resistance. 


ALIGNMENT 

CONNECT THE GUNN oscillator unit to 
the PCB. Low cost 50Q coaxial cable such 
as RG58 is ideal for the purpose. A 56Q 


resistor in series with a 10uF electrolytic 
capacitor should be fitted at the Gunn 
oscillator end of the cable to help prevent 
instability. 

Because the link is full duplex, it will be 
necessary to set each side of the link to a 
specific centre frequency fairly accurately. 
In order to measure the frequency of the 
transmitter, the LNB’s local oscillator fre- 
quency must first be calculated. The LNB 


Completed printed circuit boad of the subsystem. 
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will of course still receive satellite trans- 
missions from Astra at the upper end of the 
satellite receiver’s IF passband. ZDF trans- 
mits on 10.963GHz for example. If the 
satellite receiver has to be tuned to 


Baseband 


Left 


Right 


Mic 


Data I/P 


©rsGB RC2402 


Fig 6: PCB foil pattern and component overlay. 
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C27 


1663MHz to receive it then the local oscil- 
lator frequency will be 10963 - 1663 which 
equates to 9300MHz. It would thus follow 
that 10.3GHz would equate to 10O00MHz 
and 10.5GHz to 1200MHz. The link that I 
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have set up operates on 10.475 and 
10.375GHz, with one transmitter operat- 
ing horizontal polarisation and the other 
vertical. This helps to minimise any desen- 
sitisation. 
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Inside a converted ‘Blue Cap’ LNB. The glue whichis 
added to ‘pull’ the local oscillator LF can be clearly 
seen inthe botton right hand corner. 


The satellite receiver should be set to the 
desired receive frequency and connected 
to a suitable monitor or TV. Apply 15V to 
the unit and connect a DC voltmeter be- 
tween the Gunn output and ground. Adjust 
RV9 until a reading of 6.5V is obtained. 
Now adjust the tuning and matching screws 
on the Gunn cavity to give best power and 
a received signal on the satellite receiver. 
An indication of power can be estimated 
by measuring the current flowing through 
the mixer diode on the Gunn unit (if fitted). 
Alternatively, a separate cavity fitted with 
a microwave mixer diode placed a few 
inches away may be used. 

Assuming all is well so far, apply a 1V 
peak-to-peak video signal to the video 


G6KSN’s antenna-festooned balcony. 
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input. Rotating RV8 should produce a 
viewable picture on the monitor. If an 
oscilloscope is available, connect to the 
video output of the satellite receiver (suit- 
ably terminated with a 75Q resistor or a 
video monitor) and adjust RV8 for 1V 
peak-to-peak as indicated on the oscillo- 
scope. Alternatively, RV8 can be adjusted 
to give a picture similar in contrast to those 
received from Astra. If a staircase wave- 
form is available then RV9 may be read- 
justed slightly for best linearity, readjust- 
ing RV8 as necessary to maintain a level of 
1V peak-to-peak. Remove the video sig- 
nal source. 

Connect a frequency counter between 
the Gunn output and ground. Adjust RV4 
to its mid position. With the aid of a plastic 
trimming tool, adjust L1 until a reading of 
7.02MHz is obtained. Set the satellite re- 
ceiver’s audio to 7.02 MHz and apply a 
1kHz sine wave to the left audio input, set 
the output to 775mV RMS and adjust RV1 


for the loudest signal consistent with low 


distortion. If a deviation meter is avail- 
able, adjust RV1 for 30kHz deviation. 
Reset RV4 to the earthy position. Adjust 
RV5 to its mid position. With the aid of a 
plastic trimming tool, adjust L2 until a 
reading of 7.20MHz is obtained. Set the 
satellite receiver's audio to 7.20MHz and 
apply a 1kHz sine wave to the right audio 
input, set the output to 775mV RMS and 
adjust RV2 for the loudest signal consist- 
ent with low distortion. If a deviation me- 
ter is available, adjust RV2 for 30kHz 
deviation. Reset RV5 to the earthy posi- 
tion. 

Adjust RV6 to its mid position. With the 
aid of a plastic trimming tool, adjust L1 
until a reading of 6.50MHz is obtained. Set 
the satellite receiver’s audio to 6.50MHz 


@©rscB RC2404 
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Fig 7: Graph of signal power received by a60cm dish 
against deviation from the principal axis. 


and apply a 1kHz sine wave to the micro- 
phone input, set the output to ImV RMS 
and adjust RV3 for loudest signal consist- 
ent with low distortion. If a deviation me- 
ter is available, adjust RV3 for 50kHz 
deviation. Reset RV6 to the earthy posi- 
tion. 

Disconnect the power from the board. 
Disconnect one end of R34 and reapply 
power to the board. Adjust RV7 to its mid 
position. With the aid of a plastic trimming 
tool, adjust L1 until a reading of 6.00OMHz 
is obtained. Remove the power, reconnect 
R34 and connect a 1OpF capacitor be- 
tween the Gunn out and baseband in. Re- 
apply power and connect an oscilloscope 
to the collector of TR9 via a x10 probe. 
Adjust the core of L6 for maximum ob- 
served signal at 6.00MHz. Transfer the 
probe to pin 8 of IC8 and apply a 20kHz 
square wave to the Data input, set the 
output to at least 10V peak-to-peak (but 
not more than 24V peak-to-peak). Adjust 
LS for a symmetrical square wave signal, 
as seen on the oscilloscope. Decrease the 
resistance of RV10; an increase in ampli- 
tude of the displayed waveform should be 
noted. Continue to decrease resistance until 
no further increase in amplitude is noted. 
Re-adjust LS for best amplitude and sym- 
metry and then increase the resistance of 
RV10 until the waveform is 75% of the 
maximum amplitude as seen previously. 
Power down and disconnect one end of 
R34. Re-apply power and rotate RV11 
from one end to the other and back again 
noting the 2 points at which LEDs 1 and 2 
change over. Set RV11 mid way point 
between these two points. Remove the 
power, reconnect R34 and transfer the 
oscilloscope probe to the data out termi- 
nal. Re-apply power. A 20kHz square wave 
of at least 15V peak-to-peak should be 
observed. Both LEDs should be illumi- 
nated at half brightness at this time. Re- 
move the capacitor between Gunn out and 
Baseband in. 

Monitor each subcarrier in turn on the 
satellite receiver and adjust RV4 
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(7.02MHz), RV5S (7.20MHz), RV6 
(6.00MHz) and RV7 (6.50MHz) for good 
signal-to-noise ratio on each subcarrier. 
This will vary, depending on overall sys- 
tem carrier-to-noise ratio as seen by the 
satellite receiver and should be done by 
adjusting the position of the LNB so that 
all “sparklies’ on the monitor are only just 
banished (ie at the PS threshold) and only 
a blank raster remains on the monitor or 
TV set. Around 60dB should be obtained 
on the 6 and 6.5MHz carriers, around 
50dB on the secondary carriers, although 
most receivers use a 2 to | compander 
circuit similar to DBX called ‘Panda 1’. 
This system tends to mask the noise on 
these, and so may actually appear to be 
better than the main carriers. 


TRIA23s4idrain 
TRI, 2, 3, 4 source 
TRI, 2, 3, 4 gate 
TRS collector 
TRS base. 

TRS5 emitter 

TR6 collector 
TR6 base 

TR6 emitter 

TR7 collector 
TR7 base 

TR7 emitter 

TR8 collector 
TR8 base 

TR8 emitter 

TR9 collector 
TR9 base 

TR9 emitter 
TRIO collector 
TRIO base 

TR1O emitter 
TOU 24394 pinwl):293 
IC1, 2, 3, 4 pin 4 
IC1, 2, 3, 4 pin 5, 6, 7 
IC1, 2, 3, 4 pin 8 
IC5 input 

ICS ground 

ICS output 

IC6 pin 1, 3, 4, 12 
IC6 pin 2 

IC6 pin 8 

IC6 pin 11 

IC6 pin 13 

IC6 pin 14 

IC7 pin 2 

IC7 pin 4 

IC7 pin 5 

IC7 pin 6 

IC7 pin 11 

IC8 pin 1 

IC8 pin 2, 6, 7 
IC8 pin 3 

IC8 pin 4, 8 


Table 1: Typical circuit voltages. 
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SETTING UP THE LINK 

THIS CAN PROVE quite difficult, espe- 
cially if the path is a long one. To receive 
an adequate signal level the dishes at each 
end of the link need to be aligned to within 
about 1° in both the horizontal and vertical 
plane, as is illustrated in Fig 7. It may be 
useful to try setting the receive dish eleva- 
tion by receiving a known terrestrial sig- 
nal. Fortunately there are literally thou- 
sands of microwave transmitters operating 
between 10.5 and 10.7GHz across the UK. 
These take the form of Radar Doppler 
modules located on traffic lights. I can 
receive a number of these transmissions 
from this QTH and find them very useful 
indeed. The dish needs to have the eleva- 
tion reduced by almost 30° compared with 
Astra, and if a standard offset dish is used 
it may be necessary to re-drill the bottom 
bracket so that it can be secured in this new 
position. The dish will appear to be point- 
ing at the floor and the boom which sup- 
ports the LNB will be about 10° below 
horizontal. It will be possible to align the 
elevation of the transmit dish by momen- 
tarily mounting the receive LNB on it and 
aligning on a traffic light or other known 
terrestrial source. 

With the dishes roughly in alignment in 
the vertical plane, arrange for the remote 
station to radiate a carrier. It is easiest if the 
transmitting station leaves his dish station- 
ary while the receive dish is adjusted. If no 
signal is detectable then the transmitting 
dish can be adjusted slightly and the proc- 
ess repeated. Once a signal is acquired, 
both azimuth and elevation of both dishes 
can be adjusted for maximum signal. Many 
satellite receivers have an AGC output for 
this purpose. A satellite alignment meter 
may also be used. 

Once one side of the link is set up, the 
whole process can be repeated for the 
return path. If the link is only a few kilo- 
metres it may be possible to dispense with 
the receive dishes altogether. I can receive 
at least two radio amateurs from this QTH 
with just an LNB pointing out of the living 
room window! Small horn antennas may 
also be considered as a viable alternative if 
the path is true ‘line of sight’ and not more 
than, say, 15 or 20km. 


DATA PORT CONFIGURATION 

AS I SAID previously, the data port will 
work well at least up to 28800 baud (and 
possibly much higher). If you have a 486 
or better machine and 16550 UART chips 
on the I/O card then try 38400 or 57600 
baud. You will soon see when things are 
getting tricky, as the data rate will de- 
crease or collapse altogether if either the 
PC or microwave link cannot handle it. On 
a P75 using Hyperaccess or HyperTerminal 
the data port will work at 57600 without 
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any problems, but the data deviation and 
data slicer settings become more critical. 
6MHz ceramic filters tend to be quite nar- 
row and I have tried (without success) to 
find a source of wider ones. With 280 or 
330kHz filters, the data port should be 
capable of 115200 baud. If anyone knows 
of a source of wide band filters for 6MHz, 
please let me know. I have been doing 
some tests with 10.7MHz filters and 
upconverting the 6MHz data signal by 
mixing it with a 16.7MHz local oscillator. 
Currently this seems to be the only way to 
go, but the 6MHz wideband option has 
more appeal. 

For packet radio data transfer, I use 
G8BPQ’s 408a packet switch software used 
in conjunction with G6AMU’s Easyterm 
version 1.03g. At 28800 baud the data 
transfer rate on an old 386SX33 with a 
very ordinary I/O card exceeds 2000 char- 
acters per second. Tests with a 486 and 
even a Pentium do not yield significant 
increases in speed, and data rates above 
28800 baud just don't seem to work. I put 
this down to limitations of the software, 
which was not really designed to work 
much beyond 9k6. 

Table 2 shows an example of how to 
configure BPQ408a to work with the mi- 
crowave link. 


FINALLY 

IN CONCLUSION I would like to say a 
word of thanks to Martin, G7RTQ. Martin 
is at the other end of the 3cm link and has 
been remarkably patient when tests have 
had to be carried out. Without his support 
and encouragement this unit would have 
never reached its current level of refine- 
ment. + 


PORT 
ID=19200Bd link to WARLEY 
TYPE=ASYNC 
PROTOCOL=KISS 
IOADDR=3F8H 
INTLEVEL=4 
SPEED=19200 
CHANNEL=A 
QUALITY=10 
MAXFRAME=7 
TXDELAY=1 
SLOTTIME=1 
PERSIST=255 
FULLDUP=1~ 
FRACK=700 
RESPTIME=2 
RETRIES=25 
PACLEN=255 
MHEARD=N 
KISSOPTIONS=CHECKSUM 

ENDPORT 


Table 2: Howto configure BPQ408a to work with the 
microwave link. 
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Digital Voice 
Communication 


By Andy Talbot, G4JNT * 


IS EXPERIMENT started after a 
phone conversation with Charles 
Brain, G4GUO, where we had been 
discussing various data modes used by the 
military and other commercial users on the 
HF bands. One of the modes that has been in 
use for several years is digitised voice, trans- 
mitted in a bandwidth comparable with nor- 
mal analogue voice communications and 
making use of existing transmitters and re- 
ceivers. I must have said something like “it 
would be nice to try this on the amateur 
bands”, because after the phone call finished 
Charles then went away and had a long 
think. 


DIGITAL TECHNIQUES 
MEANWHILE, WE need to di- 
gress a little to cover digital com- 
munication techniques and the 
problems given by the HF com- 
munications environment in or- 
der to fully appreciate why one 
type of datacomms technique is 
employed over any other. 

When properly implemented, 
digital communications can 
show considerable advantages 
over their analogue counterparts 
with regard to quality and ro- 
bustness over noisy transmission 
media - compare the quality of 
CD music recordings with the old vinyl or 
tape system and the new digital telephone 
network with the old system. But there are 
several major issues to be resolved before 
the conversion is made. 

To digitise an analogue signal such as 
voice, it first has to be sampled, ie turned into 
a series of numerical values. Theory dictates 
that the sampling has to be at a rate at least 
twice that of the highest frequency compo- 
nent present - the Nyquist Criteria - and there 
must be no components present at more than 
half the sampling rate otherwise these will 
appear as spurious components at other fre- 
quencies causing distortion. This is known 
as aliassing, and the high frequency compo- 
nents need to be removed by conventional 
filtering before digitisation. For a voice sig- 
nal as transmitted using telephone or SSB, 
the frequency range of 300-3300Hz is usu- 
ally taken and dictates a sampling rate of at 
least 6.6kHz. In practice, to ease the anti- 


a 
* 15 Noble Road, Hedge End, Sothmpton SO30 OPH. 
E-mail: actalbot@ dera.gov.uk 
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The AMBE module. 


aliassing filtering, a sampling rate of 8000 is 
often adopted. 

Since the analogue signal can have an 
infinite number of instantaneous amplitude 
levels, these cannot be represented exactly 
and it is necessary to choose a suitable 
number of levels to be used to represent the 
signal (instead of levels, it is more conven- 
ient to think of the number of binary bits 
needed to give the quantising needed, eg 8 
bits gives 2° = 256 absolute levels, 16 bits per 
sample gives 2'° = 65536 levels). The effect 
of the random instantaneous error at each 


. sampling point is to add a noise component 


to the signal - referred to as Quantising 
Noise. There is a simple rule of thumb that 
can be applied here: The best Signal-to- 
Noise ratio (S/N) that can be achieved is 
given simply by S/N (dB) = 6n - 1.75, where 
‘n’ is the number of bits of quantisation and 
“1.75” is a fiddle factor (and sometimes takes 
slightly different values in various text books), 
but S/N is approximately 6n. If a figure of 
40dB is taken as ‘good communications 
quality’ then 8 bit quantisation, allowing a 
bit less than 48dB S/N, would be adequate. 
This is the system adopted on the public 
telephone network, although in slightly 
modified form. 

We can see that for 8000 samples per 
second, sampling at 8 bits per sample, a total 
of 8 x 8000 = 64000 bits per second (b/s) is 
generated [1]. The digital telephone network 
has a wide enough bandwidth with optical 
fibres and microwave links to be able to pass 
64kb/s directly, but the radio communica- 
tions link does not have this luxury! At HF 
we want to be able to pass digital voice over 


a bandwidth comparable with SSB, ie 3kHz; 
at VHF, if NBFM is taken for the standard 
channel width, we can increase this figure to 
12kHz, but in order to preserve the en- 
hanced voice quality that good S/N FM can 
give, more quantising levels should really be 
used. 

Although it is theoretically possible to 
transmit 64kb/s in a 3000Hz bandwidth, the 
S/N ratio required to do so with a sufficiently 
low error rate is very high - around 64dB 
according to Shannon’s Information Theo- 
rem - so other techniques have to be adopted 
to transmit digitised voice signals. Ideally a 
data rate comparable with the 
RF bandwidth is wanted for op- 
timum transmission in signal- 
to-noise ratios that would be 
just acceptable for poor speech 
quality, ie around 3000 bits per 
second for 10-15dB S/N in 
3kHz. 2 


VOICE ENCODING 

THE TECHNIQUE adopted is 
to encode the voice to reduce 
the number of bits per second 
needed for transmission. There 
has been a considerable amount 
of research into various tech- 
niques for doing this over the 
last 10 or so years and some 
very effective compression schemes are now 
available. The techniques are too complex to 
cover in any detail here, but usually involve 
modelling the human voice tract and coding 
the various elements, such as voiced and 
unvoiced sounds. Various schemes such as 
Code Excited Linear Prediction (CELP) and 
various other ‘ELPs’ have come to the fore 
for voice. As anexample, GSM mobile phones 
use a technique that allows transmission at 
13000 bits per second. Whatever technique 
is used for voice encoding (vocoding), there 
is usually a trade off to be had between data 
rate generated and the quality of the result- 
ing speech. Some of the early systems had a 
very synthetic sounding Dalek-like result, 
but modern variants provide very much bet- 
ter toll-quality [2] speech. GSM at 13000b/s 
is an example that has been around for 
several years now. 

Previously, G4GUO had written some 
voice encoding software for a DSP system 
based on published algorithms using these 
techniques, but it was not too successful and 
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Fig 1: Block diagram of the Digital Voice hardware. 


as many of these algorithms are patented 
using them could run into all sorts of prob- 
lems or prove expensive in licensing fees! 
Furthermore, CELP uses a large codebook, 
too big to fit on any of the low cost DSP 
development cards. 

A comprehensive search of the literature 
on vocoding techniques threw up yet an- 
other new system called Advanced 
MultiBand Excitation (AMBE) that appeared 
to offer major improvements over earlier 
systems. This moves away from the concept 
of modelling the voice tract, and instead 
models the spectrum of the signal every 
20ms. Not many technical details appear to 
be available to date as it is still a commercial 
system, but the results of test programmes 
show the technique to be better than any of 
the ELPs, and has thus been adopted for at 
least one of the new satellite-based mobile 
phone systems. Much more importantly for 
us, a single chip solution is available for 
converting from microphone input to en- 
coded digits, so rather than try to write 
vocoding DSP software based on published 
algorithms, it was decided to just buy a chip 
to do the job. 

The AMBE1000™ chip by Digital Voice 
Systems Inc, (available from Lucent Tech- 
nologies) implements the whole process and 
provides the user with an extensive trade off 
of output data for different levels of link 
quality, as well as Forward Error Correction 
(FEC). A range of output data rates from 2400 
bits per second all the way up to 9600b/s in 
50b/s increments is available, along with a 
range of user selectable FEC options. Forward 
Error Correction is essential at HF to overcome 
burst and CW interference and the effects of 
multipath - the manufacturers have imple- 
mented FEC within the chip that is optimised 
to the needs of the AMBE technique and in 
fact claim that “Any other separately imple- 
mented FEC technique cannot be as good as 
our one”. Eventually the data rate adopted 
was 2400b/s of voice data plus 1200b/s of 
FEC, giving a total of 3600b/s to be transmit- 
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ted over the RF link. The IC outputs samples 
every 20ms and can be regarded as a real 
time system in this sense. Any 20ms samples 
that get lost just create glitches in the speech 
that cause minimal disturbance and can of- 
ten go unnoticed. In fact, during early phases 
of the experiment, the FEC got left out and 
tests carried on for some time over our 40m 
test link before we noticed no error correc- 
tion was being applied. 


VOCODERMODULE | 

IN USE, the AMBE chip has to be pro- 
grammed at turn-on to set the operating 
conditions. The easiest way to do this was to 
include an on-board PIC microprocessor. 
G4GUO produced a PCB which includes the 
AMBE chip, a Coder-Decoder (CODEC) 
and PIC17C42 controller with other periph- 
eral components. A photograph of this is 
shown left. 

The digitised output samples, at a net 
overall rate of 3600 bits per second, are sent 
via an RS232 interface to the modem in 
packets of nine bytes at a time for each 20ms 
frame. The data rate used for this part of the 
link is 19200 baud. If you do the sums on 
this, it is possible to see there is a lot of spare 
capacity here for users who want to use the 
development board for their own purposes. 
An example of this would be for the inclu- 
sion of data and control signals. The PCB 
was produced as a development tool and 
thus the controller chip chosen is capable of 
considerably more processing capability than 
that needed to just control the AMBE and 
convert to RS232 format. In fact there is 
enough processing capacity in the PIC to 
include encryption / decryption software, 
but it is left to other users to make use of this 
capacity! All input/output ports for the PIC 
are available on connectors. 

The AMBE chip is a 100 pin device using 
the surface mount TQFP package with a lead 
out spacing of 0.65 mm. Mounting this de- 
vice caused a few headaches, but use of a 
good quality magnifier and careful solder- 


Motorola 56002EVM DSP Module 


ing followed by careful inspection resulted 
in success first time. All the other devices on 
this board are either conventional surface 
mount or through hole mounted. Fig 1 shows 
a block diagram of the system 


RF MODEM CONSIDERATIONS 
SO FAR WE HAVE digitised the voice sig- 
nal and added redundant information to cor- 
rect potential transmission errors resulting in 
an overall, but packetised, rate of 3600 bits 
per second. We now need to turn this data 
stream into a continuous modulated audio 
waveform, suitable for feeding to the input 
of an SSB transmitter for upconversion to the 
final RF signal for transmission. 

There are a number of different ways of 
modulating an RF waveform for data trans- 
mission. Probably the most popular system 
amongst amateurs is Frequency Shift Key- 
ing (FSK), where one audio tone is used for 
a logic ‘1’ and another tone for logic ‘0’. In 
terms of bandwidth utilisation FSK is not 
very efficient - either a frequency shift sig- 
nificantly wider than the data rate has to be 
used for reliable copy in noisy conditions, or 
as the shift is narrowed to preserve band- 
width so errors occur more frequently. The 
two systems where this trade off is evident is 
in amateur and commercial RTTY, where 
170Hz frequency shift or wider is used for 
50-75 b/s data. The converse is HF packet 
radio, where 200Hz shift is used for 300 b/s 
with its very poor reliability in noisy condi- 
tions. One advantage of FSK is its simplicity 
of implementation based on filters and phase 
locked loops, hence: its popularity in the 
past, but with the increased use of Digital 
Signal Processing (DSP) everywhere, this 
simplicity is no longer a real issue. 

A much better solution is Phase Shift Key- 
ing (PSK), where instead of changing the 
transmission frequency for binary 1s or Os, 
the phase is reversed, or effectively the sig- 
nal is inverted, between 0 and | states. It is 
possible to show theoretically that there is at 
least a 3dB improvement in S/N versus error 
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rate performance given an ‘ideal’ 
demodulator for each modulation, and with 
simple FSK modems very much better than 
this is possible in practice. PSK to replace 
keyboard-to-keyboard RTTY has appeared 
on the amateur bands recently in the form of 
PSK31 (see the article in December 1998 
and January 1999 RadCom by Peter Martinez, 
G3PLX). For very nearly the same data rate 
as RTTY, the bandwidth needed has shrunk 
from around 200Hz to 20Hz, with a corre- 
sponding increase in reliability and error 
rate. By using four phase states 90° apart 
instead of two, it is even possible to encode 
two bits at a time without increasing the 
bandwidth, but this does incur a 3dB penalty 
as the transmission power is now shared 
between twice as many bits in a given time. 
This technique, Quaternary Phase Shift Key- 
ing or QPSK, is available in PSK31, where it 
is included as an option for adding the extra 
data needed for Forward Error Correction in 
noisy environments. A properly filtered PSK 
signal has a bandwidth that is can approach 
half the baud rate - in fact PSK31 is optimised 
to do just this - but if not implemented 
correctly with waveform control and filter- 
ing, the bandwidth of the transmitted signal 
can easily spread alarmingly in a manner 
analogous to CW key clicks. 

Fig 2 shows how raw QPSK modulation 
by a rectangular data signal would look, 
showing how the data bits are coded two at 
a time. This signal as shown in the diagram 
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Fig 2: Illustration of an unfiltered QPSK signal, showing how pairs of bits can be coded onto a carrier. 


is unfiltered and would have a very wide 
frequency bandwidth due to the sharp phase 
transitions. 

Here we also need to introduce the con- 
cept of the Baud rate as opposed to bits per 
second, which is the rate of information 
change on the final transmission, or the 
symbol rate. For BPSK and FSK systems the 
Baud rate is the same as the bit rate, ie one bit 
per baud, and the terms are often used inter- 
changeably. Where two bits are transmitted 
per symbol, as for QPSK, the Baud rate is 
half that for the given bit rate. It is possible 
to extend the transmitted bit rate higher by 
simply increasing the Baud rate to suit the 
data to be transmitted. For the 3600 b/s 
needed for the digitised voice experiments, 
either binary PSK at 3600 baud or QPSK at 
1800 baud would be adequate - the QPSK 
signal at potentially 1800Hz bandwidth could 
even be transmitted unmodified over SSB 


radios. However, whilst this technique is 
ideal for UHF or ‘clean’ VHF links, there are 
particular characteristics on a typical HF 
transmission path that make simple high 
Baud rate signals very prone to errors and 
frequently unusable. 


REFERENCES 


[1] As an aside, consider CD music record- 
ing. A sampling rate of 44100Hz is chosen to 
allow a 20kHz maximum audio frequency; 
16 bit quantisation is used to give a dynamic 
range in greater than 90dB. With two inde- 
pendent channels for stereo, this results in a 
data rate in excess of 1.4Mb/s. 

[2] The term ‘toll-quality’ comes from 
America, and means a quality of telephone 
transmission that people are prepared to 
pay for. $ + 


To be continued... 
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Final part, by Andy Talbot, G4JNT * 


N PART ONE digital techniques were 

discussed, and this led on to the subjects 

of voice encoding and modem considera- 
tions. The problem is that conditions on the HF 
bands make simple high bit rate modems prone 
to errors and frequenctly unusable. 


SKYWAVE 

THE GREATEST PROBLEM is multipath. 
Skywave signals frequently arrive after several 
ionospheric hops, with the same instantaneous 
element of signal arriving at different times 
after travelling different distances. For a signal 
such as SSB voice, these two or more signals 
will cause alternate cancellation and reinforce- 
ment, giving the characteristic multipath fad- 
ing as a notch passes through the audio 
passband. Differences in arrival time of typi- 
cally up to Sms are often observed, and in poor 
propagation conditions can reach a lot more 
than this. The effect on digital signals can be far 
more catastrophic than it is for speech, because 
as a particular ‘bit’ of information arrives at 
several different points in time, it can easily 
land on top of another bit arriving via an 
alternative path. This mixing up of received 
information causes intersymbol interference 
and is the major cause of bit errors on what 
might otherwise appear to be a good link with 
a strong signal. As a way round this, if we can 
arrange for one symbol of information (ignore 
what that might mean for now) to be sent in 
such a way that when mixed with itself delayed 
by up to, say, Sms, no corruption is encoun- 
tered, then the error rate due to intersymbol 
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Fig 4: Spectrum of the Digital Voice signal. 
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interference can be reduced or even 
eliminated. One method is to re- 
duce the baud rate to such an ex- 
tent that the Sms multipath period 
is insignificant - a figure of 20ms is 
often taken in practice, resulting in 
50 baud signals. It is no coinci- 
dence that the data rate adopted for 
RTTY signals for many years has 
been in the 45 to 75 baud region! 
To reduce our 3600 bits per 
second to 50 baud signalling means 
trying to compress 72 bits into one 
symbol. While there are some di- 
rect techniques of doing this, such 
as Quadrature Amplitude Modula- 
tion these are prone to other types 
of errors and inefficiencies, and 
another system is needed that is 
more resistant to in-band interfer- 
ence. That technique is as follows: 
Instead of using a single carrier 
modulated with a complex 
multilevel waveform, we use a large 
number of multiple carriers, each 
one modulated with a simple wave- 
form. If there are N carriers, each 
one independently modulated with 
50 baud QPSK then it is possible to 
transmit data at 2.N.50 bits per 
second. The spacing between each carrier has 
to be consistent with the baud rate and a carrier 
spacing equal to at least the symbol rate is 
required. If we do a few calculations, it soon 
becomes evident that many solutions are pos- 
sible for 3600 B/s in a voice bandwidth [2]. 
An existing military system in widespread 
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The EVM board, mounted in a diecast box. 


use makes use of 39 parallel tones for digitised 
voice as well as data communication. We 
initially wondered if this standard could be 
adopted (the waveform is in the public do- 
main) but came to the conclusion that the 
narrower SSB filters characteristic in amateur 
grade equipment would not pass the signal 
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without excessive loss of the band 
edge tones. Parallel tone modems 
are generally regarded as being 
more suitable for digital voice at 
HF than serial tone ones because 
of their failure mechanism in the 
type of interference present. 
Whereas serial tone modems re- 
sult in long bursts of errors - which 
could lead to a whole section of 
speech being knocked out - par- 
allel tone designs give shorter 
errors merely resulting in a few 
lost syllables. 

After mathematical simulations 
and on-air testing, the combina- 
tion finally chosen uses 36 carriers each carry- 
ing QPSK modulated at 50 symbols/second. 
The 50 baud period fits in very well with the 
data output from the AMBE vocoder, which 
outputs its data in bursts every 20ms allowing 
one burst of data to be spread across all tones 
equally - 72 bits per baud - and allowing easier 
synchronisation between the two subsystems. 
The carrier spacing is set at 62.5Hz giving a 
total signal bandwidth of 36 x 62.5 = 2250Hz, 
which fits comfortably inside the typical ama- 
teur SSB filter width of 2.7 - 2.8kHz. The 
62.5Hz spacing adopted here is not as narrow 
as could be used - 50Hz is feasible for SO baud 
signals - but does allow the luxury of a 4ms 
guard interval in the decoding process (the 
difference between the reciprocal of the spac- 
ing 16ms, and the baud period) giving even 
further resistance to multipath interference. In 
fact, without the guard period, the modem has 
no tolerance to multipath interference of equal 
signal strength, so the overhead in bandwidth 
caused by the use of a guard period results in 
a reduced error rate. 

Another advantage to the parallel tone ap- 
proach is that with the Forward Error Correc- 
tion bits added, it is possible to lose a few of the 
tones and still be able to send valid data. This 
means that the 2.3kHz wide digital voice signal 
can actually sit on top of several CW signals, 
each potentially stronger than our wanted sig- 
nal, and be oblivious to them. 

To allow the modem software to lock up to 
the received waveform it is nec- 
essary for the receiving side to 
achieve coherent frequency and 
timing lock with the signal re- 
ceived. To enable this, each trans- 
mission is preceded by a 700ms 
preamble made up of three tones 
of 1000, 1500 and 2000Hz, trans- 
mitted simultaneously. Each tone 
is BPSK modulated with a known 
pseudo random data sequence 
that the receive modem can lock 
to and generate its timing refer- 
ence. Only one modulated tone is 
actually needed for this lockup 
function, but to allow for the case 
of the preamble being corrupted 


2 
Pa 
a 


2 
wo 


2 
nm 
a 


2 
DS) 


2 
G 


[va 
Ww 
© 
w 
© 
7 
Ha 
. 
5 
2 
S 
G 
= 
o 


= 


a 
Wi 
a 
® 
iS 
7 
re 
re 
3 
2 
re 
a) 
= 
o 


126 


©nrsee rc2412 


~~ 60 80 100° 
Offset in samples 


120 


Fig 5: Sync Offset Error vs Bit Error Rate. 


by interference, three tones carrying the same 
data are transmitted. The whole preamble se- 
quence is generated automatically when the 
PTT button is pressed and there is a resultant 
delay before voice transmission starts, but 
unless your own signal is being monitored 
simultaneously, the effect will only be noticed 


-as a delay in transmit receive switch over. 


The picture of the signal spectrum is shown 
in Fig 4, which shows in spectrogram form the 
three tone preamble followed by a period of 
data transmission. It is not possible to make out 
all of the individual 36 tones as the modulation 
sidebands from these overlap when viewed in 
this form, but the general ‘brick wall’ shape of 
the spectrum can be discerned. 


TUNING & TIMING ACCURACY 

IT IS OBVIOUS that any frequency error 
between transmitter and receiver must be re- 
duced to well below the value for the tone 
spacing and that the start time of each symbol 
period needs to be known precisely in order for 
its phase during the symbol. period to be meas- 
ured. The receiver tuning needs to be within 
62Hz of the correct frequency point, for re- 
sidual errors below this figure the modem 
automatically corrects and it is the function of 
the preamble acquisition phase to do this. In 
noisy conditions or where interference is 
present, the receive modem may not be able to 
make best use of the preamble information and 
timing/frequency errors can occur. From math- 
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ematical simulations during the 
development phase of this 
project, values for the Bit Error 
Rate versus symbol timing error 
and tuning frequency error were 
calculated and Fig 5 shows how 
bit error rate varies with the re- 
generated timing error, expressed 
as an offset in number of samples 
of the 8000Hz sampling fre- 
quency. Fig 6 shows the corre- 
sponding Bit Error Rate for re- 
sidual tuning error. 

It can be seen that the pream- 
ble acquisition phase is the most 
important part of the whole trans- 
mission cycle after the PTT is pressed, al- 
though some timing information can be gener- 
ated based on the data stream this is not nearly 
as effective as using that available from the 
preamble. Should the preamble be missed the 
whole transmission could become garbled rub- 
bish if there is no other way of acquiring timing 
and frequency information. Fortunately, the 
crystal oscillator used to generate the sampling 
rate is sufficiently stable to be able to use the 
previous timing information, and the final sys- 
tem provides the ability to use existing timing 
by pressing a button. 


IMPLEMENTATION | 

THE AMBE VOCODER board has already 
been described as a stand alone unit in its own 
right. The parallel tone encoder is built around 
a low cost DSP evaluation kit, the Motorola 
56002EVM, which is a single PCB module that 
contains the DSP chip, a CODEC for interfac- 
ing to the audio feed to the transceiver, an 
RS232 interface, computer interface plus pro- 
gramming tools. A photograph of the EVM 
module mounted in a diecast box is shown 
opposite. Thus the complete digital voice sys- 
tem comprises just the two PCBs plus trans- 
ceiver. If a flash ROM is installed for non- 
volatile memory storage then, once it has been 
programmed with the digital voice modem 
software, the 56002EVM can be used as a 
standalone module without any need to subse- 
quently load the software from a host PC. To 
complete the hardware system, 
the transmitters PTT line is con- 
trolled by an output from the EVM 
so that seamless operation is pos- 
sible. 


OPERATIONIN 
PRACTICE, 
THE PATH between G4GUO and 
myself is 70km and 7MHz usually 
works reliably between us at most 
times of day. It is a high angle path 
and thus suffers from quite severe 
multipath during much of the day, 
providing a good test of the mo- 
dem’s capabilities. 

At G4GUO’s end an IC-706 
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transceiver was employed, while I initially 
used a home-built transmitter in conjunction 
with an RA1792 receiver, -later to be replaced 
by an IC-746. Tuning error was not a problem, 
as we could both set frequency to well within 
1Hz accuracy. Some of the initial tests were 
made with earlier variants of the Digital Voice 
system, such as 24 parallel tones, 36 tones with 
no FEC (by mistake!) and single tone pream- 
ble. These all worked to some extent, but were 
susceptible to QRM and multipath fading. Once 
the final configuration (as described) was 
adopted, it became very obvious how much 
the modem performance had improved. Op- 
eration was usually tested on a random basis, 
with the rigs left tuned to the 7MHz frequency 
and calls made spontaneously. A feature built 
into the modem means that a LED is illumi- 
nated once a preamble tone is detected. Even 
if left unattended, it was usually possible to see 
that one station or the other had called and a 
return call usually resulted in a QSO. 

The only times that the link could not be 
made was when either the path was too weak 
even for comfortable SSB copy, or when strong 
impulsive type QRM caused the preamble 
sequence not to be recognised. In a number of 
cases, in the presence of strong co-channel CW 
signals, the FEC could cope with CW interfer- 
ence knocking out some of the parallel tones. 
The real-time nature of the link also showed 
itself. Cases of burst interference resulted in the 
loss of a few syllables of speech, or the occa- 
sional ‘gargle’, but very rarely was intelligibrl- 
ity lost. Occasionally the modem would not 
lock to the preamble, but copy could usually be 
re-started by pressing the button to use existing 
timing information. 

The most effective and impressive demon- 
stration was one evening in April when a QSO 
lasted for an hour and a half as the sun set. Copy 
started out as perfect, with no lost preambles or 
garbled messages. The multipath became worse 
as dusk arrived, so copy worsened slightly, but 
it wasn’t until nearly dark when the link had 
almost faded out completely that the DV link 
became unusable. 

Once some boards have been made up in 
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the US, we hope to be able to try some 
transatlantic tests. 


EQUIPMENT AVAILABILITY 
THE AMBE PCB card was produced by 
G4GUO in small numbers, most of which have 
now gone to users. TAPR in the US have 
arranged bulk manufacture and assembly of 
the difficult to mount SMT chips. It is intended 
that a developers kit will be made available. 
The 56002EVM module is available from a 
number of UK and US suppliers, including Farnell 
/ Newark who can supply ex-stock. The neces- 
sary software will be available via the web [3]. 


NEXT STAGES 

SO FAR DIGITAL voice operation has only 
concentrated on HF. The next stage is to de- 
velop a modem suited to VHF/UHF. While the 
same parallel tone waveform could be used, it 
is wasteful and non-optimum for these fre- 
quencies. Multipath at V/UHF has a different 
characteristic pattern, generally of much shorter 
duration, and signal fades are also much faster, 
particularly when operating mobile. In this 
situation is it probably better to return to a 
single tone waveform operating at a higher 
baud rate and correct for multipath and fading 
by equalising the signal and interleaving 
(spreading the bits over a longer time duration 
to straddle the fade and then allowing the FEC 
to correct the errors). 

The parallel tone modem has shown its 
robustness in the presence of QRM and 
multipath interference. 3600 b/s is faster than 
any amateur modem in use today, although it 
has to be noted that this is the uncorrected error 
rate (the FEC data was generated by the 
vocoder). For data modes, a different type of 
error correction could be added, such as inter- 
leaving plus FEC. It is quite possible to foresee 
an error corrected rate of 2400 b/s being achiey- 
able with fallback-modes in the case of a poor 
link. This is still higher than any amateur mode 
presently available (except for Clover 2K and 
possibly some other privately developed ones) 
and could be worth further development for 
packet or data transfer use at HF. 


CONCLUSIONS 
THE DIGITAL VOICE experiment set out to 
try a new technique on the amateur bands 
adapted from the commercial and profes- 
sional world, and provide a practical demon- 
stration to prove theory, calculations and 
simulations. The system adopted has allowed 
a multipurpose vocoder development tool to 
be developed which has the hardware in 
place for a much more sophisticated voice 
coding system in its own right, as well as a 
robust HF modem capable of further devel- 
opment as a high speed data transfer medium. 
All of the simulation and development 
work was done by G4GUO, who is now hard 
at work developing other modem waveforms 
and data protocols. I will remain on hand to 
be the other end of the RF testing link and 
throw in useful/useless comments from time 
to time. 


REFERENCES 

[2] IT IS NO coincidence that this low baud 
rate parallel tone approach has been adopted 
for Digital TV transmission, where 2048 
parallel tones are employed in an 8MHz 
bandwidth multipath on the UHF TV fre- 
quencies is typically a few microseconds in 
duration and the individual baud rate for 
each tone is consistent with this. The tech- 
nique is further refined to minimise band- 
width by using the minimum carrier spacing 
and ensuring that sidelobes from one modu- 
lated carrier do not interfere with adjacent 
ones. The system is referred to as Coded 
Orthogonal Frequency Division Multiplexing 
(COFDM). A similar coding method with 
1536 tones of 1kHz spacing is used for the 
terrestrial Digital Audio Broadcasting net- 
work. Parallel tone modems are one of the 
candidate technologies for HF Digital broad- 
casting and there is a lot of professional 
interest in parallel tone technology. 
[3] G4GUO’s web page is: 
www.users.dircon.co.uk/~chbrain/ 
This site also contains some .WAV files of 
typical Digital Voice signals, and links to other 
related sites. 4 
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Frequency-Selective 
Impedance Bridge 


By Ed Chicken MBE, BSc, MSc, CEng, FIEE, G3BIK* 


IS USEFUL BRIDGE is inexpensive 
and simple to construct. Its main pur- 
pose, like the well known noise bridge, 

is the measurement of low-value impedance 
at radio frequencies in the HF range 1.8 to 
30MHz, typically the feed-point impedance 
of a dipole or beam antenna. 

My article of June 1994 [1] gave details of 
an impedance bridge which used broadband 
noise to energise the bridge, and an HF re- 
ceiver to select from that noise the frequency 
of interest, as well as giving an audible indi- 
cation of bridge balance. This alternative 


design is self-contained, with a visual indica- . 


tion of bridge balance on a meter, and has an 
in-built variable-frequency source which cov- 
ers the HF range 1.8 to 30 MHz. 

An auxiliary socket can access an exter- 
nal frequency counter for more precise 
setting of the VFO frequency. Alterna- 
tively, the signal output from the socket 
allows the VFO to be used as a general 
purpose signal generator. 


CIRCUIT DESCRIPTION 

REFERRING TO the FET VFO circuit in Fig 1, 
the range switch selects one of four fixed 
value ferrite-based moulded inductors in the 
microhenry range which, in association with 
the two 126pF AM sections of a miniature 
film-dielectric AM/FM tuning capacitor, 
cover the full HF band. Frequency stability is 


*Ivy Thorn Cottage, Hepscott, Morpeth, Northumberland NE6/ 2XP. 
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% For clarity, only L2 
is shown connected, 
but L1, 3 and 4 connect 
similarly to switch 


| contacts 1/1, 3/3, 4/4 


enhanced by the stabilised 
supply voltage from Zener 
diode, D1. The low level 
sine wave from the VFO is 
amplified by a two stage 
broadband amplifier, 
which is followed by an 
emitter follower to provide 
a low impedance output 
suitable for feeding the im- 
pedance bridge. The emit- 
ter follower also connects 
to the output socket. 

The frequency response 
of the amplifier is flat 
enough over the HF range 
for this application, hav- 
ing been optimised in-vivo 
and confirmed using the 
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“\, RF signal 
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Electronic Workbench 
software. Power supply to 
the VFO is from a 9 volt 
PP3 battery at a current of about 25mA. 
Fig 2 shows the heart of the unit, which is 
a conventional Wheatstone Bridge, but us- 
ing a transformer wound on a ferrite toroid to 
transfer the amplified VFO RF signal as the 
energising source for the bridge. The sec- 
ondary winding of the transformer forms the 
upper branch of the bridge, which is perma- 
nently at electrical balance about its centre 
tap, and the RF voltage is impressed across 
the full winding by transfomer action from 
primary to secondary. Because the upper 


BNC socket for 
frequency counter or 
VFO signal out 


Fig 2: Impedance measuring bridge.The toroid has a trifilar winding 
of five turns of different coloured wire. 


+ 


and lower branches of the bridge are in 
parallel, the RF voltage is also applied across 
the lower branch. And as the upper branch is 
always at balance about its centre tap, there 
will be zero potential difference between the 
centre points of the upper and lower branches 
if or when the lower branch is adjusted to 
electrical balance. 

That lower branch consists of two separate 
impedance circuits, with a common central 
connection. On the left of centre is variable 
resistor RV1 in series with variable capacitor 


(2x126p) 
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Fig 1: Circuit diagram of the frequency selective impedance bridge. Details of T1 are provided in the text and in Fig 2. 
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Frequency Selective Impedance Bridge 


Connect to solder-tag 
on metal panel/box 


BNC socket 
for counter 


Callibrated 
R dial 


6 6 
Unknown impedance 
terminals 


Callibrated 
C dial 


Fig 3: Stripboard layout of the components, viewed from the top side of the board. To control the meter's maximum deflection, or to allow the substitution 
of a meter with different sensitivity, R13 could be replaced by a 10k potentiometer. L1-L4 should be soldered directly to the switch contacts. 


VC2. These two variable components are 
used to balance the lower branch about its 
centre, by making the impedance value of 
RV1 and VC2 in series, equal to that of the 
fixed value components C12 and the un- 
known impedance in series. 

The 470Q resistor R12 is connected in 
parallel with a 1k variable resistor RV1, 
to make it act as a 300Q variable (see the 
experimental note at the end of this text 
regarding the values of R12/RV1). VC2 
uses the two 126pF sections of a miniature 
AM/FM tuning capacitor connected in par- 
allel to give 252pF at maximum. Its dial is 
to be calibrated in pF in both the C and the 
L sectors, as described later under Cali- 
bration. 

To the right of centre on the lower branch 
is a fixed value 150pF capacitor C12, which 
is permanently in series with the unknown 
impedance. This 150pF capacitor has two 
important roles. One is in the initial calibra- 
tion, whereby its value (being approximately 
the mid-swing value of VC2) ensures that 
the C/L zero mark lies close to or exactly at 


Copper track side of board 


00000000 


©0000000 


mid position on the VC2 dial. This allows the 
dial to be sensibly calibrated on either side of 
the mid mark in the C and L sectors, to 
provide information from which to calculate 
the value of either the capacitive or the 
inductive reactance component of the un- 
known impedance. Then, as its secondary 
role, the pF value of C12 is actually used in 
those calculations. . . but more on that later. 

At bridge balance, the values of resistance 
and capacitance as indicated by the two cali- 
brated dials, in association with the frequency 
in use, can be used to calculate the value of the 
unknown impedance in the form (R + jX) for 
an inductive component, or (R - jX) for a 
capacitive component (as described in the 
section Use of the Bridge). 

Or, the bridge can be used to measure low 
value resistance, by setting VC2 to its mid 
mark and adjusting only RV1. Similarly, for 
low-value capacitors, by setting RV1 to zero 
and adjusting VC2. 

An RF voltage detector connected be- 
tween the centre points of the upper and 
lower branches will indicate null when the 
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Fig 4: Stripboard track cutting template, viewed from the underside of the baord. 
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bridge is adjusted to balance, because it is 
then connected between two points of 
equal potential. The RF null detector is a 
half wave AC/DC rectifier using a diode 
D2, in association with an RF choke RFC2 
and reservoir capacitor C13, to provide a 
DC voltage which drives a current through 
the 100uA DC meter. Resistor R13 is in 
series with the meter movement, to limit 
its current to a safe level while off balance. 
Optionally, it could be replaced by a panel- 
mounted 10kQ variable resistor. 

When the bridge is being adjusted to bal- 
ance with RV1 and VC2, the meter deflection 
will dip sharply towards near zero. But just 
how is the bridge adjusted to balance, and to 
what purpose? 

Bear in mind that the prime purpose of 
the bridge is to measure the value of an 
unknown impedance, and that such an 
impedance will comprise a resistance in 
series with either a capacitive reactance or 
an inductive reactance. Calculation of re- 
actance requires a knowledge of the actual 
capacitance or inductance value and of 
the frequency involved. 

So, how does this bridge pro- 
duce the values of resistance R 
and reactance X of the unknown 
impedance? That will now be 
explained. In use, the bridge 
provides the following three 
pieces of information from cali- 
brated dials, after the bridge has 
been balanced by adjustment of 
RVI and VC2 at the selected 
frequency of interest. 

1. The actual value of resist- 
ance R in ohms, directly from 
the RV1 calibrated dial. 

2. A value of capacitance in 
pF from either the C-Sector or 
the L-Sector of the VC2 cali- 
brated dial. 


OD Oo Broke Zr-y~Rx EC —VrVva nemo Gq o> 


@©asas AC2459 


129 


Frequency Selective Impedance Bridge 


Dial on panel behind 
RV1rotary pointer knob 


17-42MHz 
26 


Rotary tuning dial fitted 
to VC1 shaft 


Fig 5: Sample calibrated dials (for guidance only). 


3. The frequency in MHz of the bridge- 
energising RF voltage, from the VC1 
calibrated dial and/or from an external 
frequency counter. 

From 1, the impedance can be simply the 
ohms reading from the R dial. (eg, if or when 
a dipole or beam antenna is precisely tuned to 
the VFO frequency applied the bridge, in 
which case the antenna’s feed point imped- 
ance is purely resistive, with no capacitive or 
inductive component). 

From 2 and 3, the value of any Capacitive 
or Inductive reactance component if present 
and within measurement range, can be very 
easily calculated (as described later). 

Trimmer capacitor VC3 is included to can- 
cel out any stray circuit capacitance present 
after the assembly has been completed. Stray 
capacitance could possibly cause minor cali- 
bration errors, particularly at the upper end of 
the frequency range, ie at about 30MHz. 
Adjustment of VC3 is a ‘once and for all’ task 
and is covered under Calibration. It does not 
play an active role in the use of the bridge. It 
is shown connected across the unknown arm 
of the bridge on the assumption that any stray 
capacitance will be greatest in the known 
arm, due perhaps to the physical construction 
of RV1. At worst, stray capacitance will not 
exceed 10pF, but the use of a variable resistor 
with a plastic spindle, together the balanced 
layout of Fig 3 and Fig 4, could hopefully 
make VC3 superfluous. 


CALIBRATION 

CALIBRATION IS simple and requires no test 
equipment other than a selection of close-toler- 
ance (1% preferred, but 5% would suffice) low 
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Rotary dial fitted to 


Fixed dial on panel behind 
VClrotary pointer 


Note that VC1 capacitance decreases-clockwise 


value resistors and 
capacitors. 
Resistors: 10, 33, 51, 
mT eel Osa Ou 20. 
270Q. Capacitors: 
10, 33, 47, 100, 150, 
220%) 330783905 
470pF 
Before calibra- 
tion, check that all 
trimmer sections of 
VCl, VC2 are at 
minimum capaci- 
tance, ie minimum 
mesh, and also that 
trimmer capacitor 
VC3 is set to mini- 
mum. 


C2 shaft 


FREQUENCY 
DIAL 
1. RefertoFig5, 
decide the type of 
dials to use, ie mov- 
ing or fixed, then 
create adhesive pa- 
per dials using the 
samples as guid- 
ance. 

2. Write ‘R’ in bold print on the RV1 dial. 
Write ‘C’ and ‘L’ on the VC2 dial. 

3. Write ‘ohms’ on the R dial, and ‘pF’ on 
both the C and L sectors of the C/L dial. 

4. Write ‘MHz’ on the VFO dial. 

5. If the dial is to be rotary, create two 
reference markers 180° apart, pointing 
to the dialrim. 

6. Calibrate the VFO dial on the four fre- 
quency ranges, using an external fre- 
quency counter connected to the BNC 
socket. 
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TRIMMER CAPACITOR VC3 

7. Ensure that VC3 trimmer capacitor is set 
to minimum capacitance, ie minimum 
mesh. 

8. Connect the 150Q test resistor across 
the Unknown Impedance terminals. 

9. With the unit’s battery disconnected, us- 
ing an ohm-meter, carefully measure and 
note the actual value of the 150Q test 
resistor in situ. 

10. Transfer the ohm meter leads to the two 
wired connections of RV1 (P47 and 
T47, or directly across R12), and care- 
fully adjust RV1 to exactly the same 
resistance value as previously measured 
across the 150Q test resistor. Lightly 
pencil a-position mark on the R dial and 
write ‘150’ against it. 

11. With RV1 kept at that 150 mark, switch 
the unit on and set the frequency to 
20MHz. 

12. Adjust VC2 (C/L dial) for the best dip. 

13. Then, using a plastic trimming tool, 
very carefully adjust trimmer VC3 for 


the best dip. The meter movement will 
be quite small, hence it needs close 
scrutiny. 

14. Finally, re-adjust VC2 and VC3 for the 
best dip. The moving vane of trimmer 
VC3 will be at about mid-mesh, ie 
about S5pF. This is a ‘once and for all’ 
adjustment, and VC3 need never be 
touched again. 


R DIAL 

15. Set the frequency dial to approximately 
12MHz. 

16. Connect a 150Q test resistor across the 
Unknown Impedance terminals. 

17. Adjust the R and C/L dials for maximum 
dip on the meter. 

18. The R dial should indicate the pencil- 
marked 150 location. Finalise that mark- 
ing. 

19. The C/L dial will be at its mid-position. 
Draw a short radial line at that location. 

20. Keeping the C/L dial at its mid-position, 
repeat steps 16,17,18, for the other test- 
resistor values. 


C/L DIAL, C SECTOR 

21. Connect the 150Q resistor in series with 
the 150pF test capacitor, across the Un- 
known Impedance terminals. 

22. Adjust R and C/L dials for maximum dip 
on the meter. z 

23. Mark and write ‘150’ on the C/L dial in 
the C sector. The R dial will be at its 150 
mark. 

24. Repeat steps 21, 22, 23 using the 150Q 
resistor in series with each of the other test 
capacitors. 


C/L DIAL, LSECTOR 

25. Connect the 150Q resistor across the 
Unknown Impedance terminals. 

26. Solder the 150pF test capacitor across 
fixed capacitor C12. 

27. Adjust R and C/L dials for maximum dip 
on the meter. The R dial will be at its 150 
mark. 

28. Mark and write ‘150’ in the L sector of 
the C/L dial at that location. : 

29. Repeat steps 26, 27, 28 for each other 
value of test capacitor, with the 150Q 
resistor still in place. 

30. Remove the final test capacitor. 


That completes calibration of the bridge, 
which is now ready for use. 


USE OF THE BRIDGE 
WITH AN UNKNOWN impedance con- 
nected to the terminals and with the fre- 
quency of interest selected, RV1 and VC2 
are simultaneously adjusted for maximum 
dip on the meter. 
The value of the unknown impedance can 
then be derived from the dial readings of 
RV1 and VC2. The RV1 dial reading is the 
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actual value in ohms of the resistive compo- 
nent R of the unknown impedance, but the 
reactive component X ohms must be calcu- 
lated from the pF reading from VC2 dial in 
association with the frequency in use, as 
described below. 


CAPACITIVE REACTANCE 

If the pF reading is in the C sector of the 
C/L dial, it means that the reactance com- 
ponent of the Unknown Impedance is 
capacitive, and the reading is the actual 
value of capacitance in pF. 


Capacitive Reactance X, is then calcu- 
lated from: 
Ker 10%) -Q 
2nfC 


where: 1 = 3.14 
f = frequency in MHz 
C = capacitance in pF 
(from the C sector) 


INDUCTIVE REACTANCE 
If the pF reading is in the L sector of the C/ 
L dial, it means that the reactance compo- 
nent of the Unknown Impedance is Induc- 
tive, but the Inductive Reactance A.C and 
Inductance L itself must be calculated. 
This is done by using the following for- 
mula, which embraces the pF value from the 
L sector of the C/L dial, the pF value of fixed 
capacitor C12, and the frequency in use: 


LOSE C Q 


x, 5 ee ae oe eet eee 
CC, +C) 


2m 


where: 1 = 3.14 
f = frequency in MHz 
C,, = 150pF 
C = Capacitance in pF 
(from the L sector) 


Note that the derivation of the above 
formula was detailed in my Noise Bridge 
article of June 1994. 

The microhenries value of the inductive 
component of the Unknown Impedance can 
then be calculated from: 


pH 


where: 1 = 3.14 
f = frequency in MHz 
X, = Inductive reactance in 
ohms as just calculated 


RC L MEASUREMENT 

The impedance bridge can be used at any 
frequency in the range 1.8 - 30MHz, to 
measure low value resistance, capacitance 
in the pF range, inductance in the pH range, 
or combined series impedance in the form 
(R-jX,,) or (R+jX, ). 
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Frequency Selective Impedance Bridge 


COMPONENTS 


Resistors (all low wattage 5% carbon or Inductors 
metal film, unless otherwise stated) RFC1, 2 
R6, 9 100R bi 
R2 330R L2 
R3 220R L3 
R11, 12 470R L4 
RS, 8 1k 
R13 5k6 Miscellaneous 
R10 82k S1 
R1, 4,7 100k $2 
For calibration 10, 33, 51, 75, 100, 150, M1 
220, 270R metal film 0.6W 1% tolerance 
RVI 1k linear carbon 
with plastic spindle 


lmH 
100uH 
22uH 
4.7uH 
[pH 


2pole 4 way rotary 
Miniature on/off sp toggle 
Low cost 100uA FSD DC 
{RW92A} ora low cost VU 
meter of circa 200UA FSD 
(an external multimeter 
could be tried first, but keep 
the leads short) 

6x 4x 2in (152 x 102 x 
51mm) aluminium box 
with lid {AB13} 

BNC 50 square chassis 
type {HH18U} 

Ferrite FTS0-43 

(Mainline Electronics) 

9V PP3 

PP3 type, dual miniature 

2 way {FK16S}, 

or 2 x small terminal post 
{FD69A & FD71N} 
M2.5 x 3mm (4 off) 

M2.5 x 10mm (4 off) 

3 off {BK12, RW75S} 
1m 4-wire telephone (or 
similar) cable {XR66W } 
0.1in, 21 strips x 47 holes 
{JP50E} 

Spot Face Cutter Tool 2022 {FL25C} 


Capacitors (all fixed capacitors are 
metallised ceramic disc) 
Ch 2, 46.7; 
8, 9, 10, 11 
C12 150pF 
€335; 1314 10nk 
For calibration 10, 33, 47, 100, 150, 220, 
330, 390, 470pF 
126+126pF variable, 
miniature film dielectric 
AM/FM tuning {FT79L} 
2-10pF trimmer, film 
dielectric, green {WL69A} 


Enclosure 


100pF 
Sktl 


Toroid 
VCl, VC2 Battery 
Battery clip 


Terminal strip 
VC3 


Screws 
Screws 
Pointer knobs 
Wire 


Semiconductors 

TRI VHF N-FET 2N3819 (or 
BF244, BF245, BFS272, 
2N3823, etc) 

TRO? 3.4 BC549 or 2N2222A 

D1 BZX79 7V5 Zener 

D2 OA47 or similar 


Stripboard 


Codes in {brackets} are from the Maplin catalogue, but any suitable alternative may be used. 


ANTENNA IMPEDANCE 
MEASUREMENT 

The bridge’s most popular application is 
the measurement of feed point impedance 
of balanced feeder antennas such as HF 
beams or dipoles. In that role it is used as 
an aid to matching the feed point imped- 
ance of the antenna to the characteristic 
impedance of its feeder cable. To do that, 
the procedure is as follows, bearing in mind 
that the feed point impedance of a properly 
matched/tuned antenna is purely resistive, 
because there is zero reactance. 

Select the frequency of interest. Set the 
C/L dial to its mid mark (ie zero reactance). 
Set the R dial to the ohmic value of the 
feeder’s characteristic impedance (eg 50Q). 
Then adjust the antenna by its gamma 
matching stub or by length and/or spacing 
of its elements - or even height above 
ground - until the bridge meter dip is 
maximum at the chosen frequency and at 
the chosen resistance setting of the R dial. 


Remember, however, that the bridge can 
only measure impedance at the point of 
connection to its own Unknown Imped- 
ance terminals. It cannot measure the feed 
point impedance of the antenna itself, be- 
cause that is at the far end of the feeder 
cable and the cable modifies that imped- 
ance as seen at the near end of the feeder. 
However, there is a way around that prob- 
lem, and that is to make the length of the 
feeder cable behave as though it were 
exactly one or more half wavelengths at 
the frequency in use, Note that wavelength 
here means electrical wavelength, not free- 
space wavelength. The electrical wavelength 
of a coaxial cable for example, is typically 
about 0.7 times that of the free-space wave- 
length of the frequency in use, ie it is 
shorter. That 0.7 figure is the. velocity factor 
of the cable as published by its manufac- 
turer, and it differs from cable to cable. So 
be sure to find out the published velocity 
factor of your own cable. 
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Frequency Selective Impedance Bridge 


In practice it is more realistic 
to lengthen rather than shorten 
an antenna’s feeder cable to 
achieve electrical half-wave- 
length, simply by temporarily 
adding extra cable by means of a 
suitable coaxial plug and in-line 
socket. 

The reading in pF on the C/L 
dial at bridge balance can indicate 
whether the antenna is too long or 
too short. If in the C sector of the 
dial, then the reactance is Capaci- 
tive, which means that the an- 
tenna is too short. In this case 
both elements of a dipole for ex- 
ample, would need to be length- 
ened by equal amounts until the 
bridge balance dip occurs at the 
C/L dial mid-mark, ie zero reac- 
tance. But if the dip occurs in the L sector of 
the C/L dial, the reactance is Inductive, hence 
the antenna is too long. In this case both 


elements of a dipole would need to be short- . 


ened by equal amounts, again until the dip 
occurs at the C/L dial mid-mark. 


CONSTRUCTION 
UNDER THIS HEADING there are a number 
of aspects which need to be discussed. 


STRIPBOARD 

Use a stripboard track-cutting tool to cut the 
copper-tracks in locations as in Fig 4, then 
assemble and solder the components as shown 
in Fig 3. 

At this stage, using a magnifying glass, 
visually examine the track cuts for complete- 
ness and also for solder-splashes and bridg- 
ing tracks. 

If it is required to save container-space, 
the stripboard could be cut through at col- 
umn number 26 to fold back on itself, with 
flexible wire-links across the track ends as 
needed. 


CONTAINER 

To ensure optimal frequency stability of the 
VFO and freedom from hand-effects while 
adjusting the dials, it is best to use an alu- 
minium box withremovable panel. Be sure to 
bond the 0 volt rail of the stripboard to the 
metalwork. 


TOROID 

Make a good mechanical job of winding the 
turns onto the ferrite toroid and installing it on 
the stripboard. First, take 3 x 12cm lengths of 
thin signal-wire of different colours, and 
twist them together along their length. This 
procedure is called trifilar winding. Then, 
treating the twisted wires as one single wire, 
wind five (or five and a half) turns onto the 
FT50-43 toroid. Take great care, when in- 
stalling the toroid onto the stripboard, to 
ensure that the connection numbers are as 
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Fig 6: Suggested front panel layout. 


shown in Fig 3. Note that the bridge will not 
function correctly if connections | and 2 are 
reversed! Cut the wire ends in-situ, to keep 
them as short as possible. The two ends 4 
and 5 should be equi-length, to achieve a 
true electrical centre-tap. 


VC1 & VC2 

Each needs two M2.5 screw-clearance holes 
at 14mm centres and a 6mm diameter shaft- 
clearance hole, in the metal panel. The thread 
length of the M2.5 bolts must be no greater 
than 3mm, to avoid damage to the capacitor 
vanes. The Maplin AM/FM tuning capaci- 
tor comes supplied with a short extension 
shaft, so its shaft can be of length 3mm with 
a central threaded hole for a dial-fixing 
screw, or 10mm to take a pointer-knob. An 
M2.5 x 10mm screw is needed to fix the 
shaft extension. : 

The two FM sections of the AM/FM vari- 
able capacitors are not used, so their tags are 
left free but folded. 

The two outer tags (marked C3 and C4 on 
the Maplin capacitor) are the AM sections to 
be used. On the VFO tuning capacitor VC1, 
they are separately wired to the frequency 
range switch moving contacts, so the capaci- 
tor must be installed withits AM tags nearest 
the switch. For capacitor VC2, these tags are 
electrically bridged to connect the two sec- 
tions in parallel, and a wire link is made from 
there to RV 1/R12 junction. In each case their 
middle tags and shorter independant tag must 
be wired together and a link taken from there 
to the stripboard connection points L1 and 
U35 respectively. 


FREQUENCY RANGE SWITCH 

S1a/b will be mounted on the front panel. Its 
two moving contact tags must be wired to the 
AM tags of VFO tuning capacitor VC1 and 
from there two wire links to the stripboard at 
H1 and TR1. The four RF inductors L1, 2, 3, 
4 must be soldered directly across the appro- 
priate tags of switch sections A and B, pref- 


erably at right-angles to each 
other where possible. Use of a 
continuity tester or ohmmeter 
would ensure correct identifica- 
tion of switch tags. 


METER 

Whilst a 100HA FSD DC meter 
is shown, the bridge can per- 
form well with a less sensitive 
movement, eg 200y)A, as with 
the typical low-cost volume- 
level (VU) meters. Alternatively, 
an external multimeter could be 
tried. To avoid over driving the 
meter while the bridge is out of 
balance, an optional off-board 
10k variable resistor could be 
wired in series with the meter. 
That could be panel mounted for 
convenience of use. 


DIALS 

Fixed dials can be made from self-adhesive 
label and stuck to the panel for use with 
pointer knobs. Rotary dials for fixing to the 
shafts of VC1 and VC2 canbe the circular flat 
tops from empty 35mm film containers, with 
adhesive label fascias. A suggested front 
panel layout is shown in Fig 6. 


EXPERIMENTAL NOTES 

THE 300Q COMBINED value of RV1 in 
parallel with R12, of necessity, positions the 
lower resistance values towards one end of the 
calibrated dial. If 50-75Q happens to be the 
region of particular interest, these lower values 
could perhaps be positioned more centrally and 
open-spaced on the dial by reducing the value 
of RV1 and/or R12. 

The capacitance range is determined mainly 
by the values of capacitors VC2 and C12, so 
here again the higher and lower pF values on 
the C/L calibrated dial could be modified to 
suit a particular need by using different 
values of those capacitors. 

Note that the design of the VFO with its 
amplifier and emitter follower has been deliber- 
ately kept simple but functional. The output 
signal from the VFO before amplification is 
greatest at the lower frequency end of its range, 
hence it may tend to overdrive the amplifier and 
create harmonics. In practice this has not been 
found to adversely affect the sharpness of the 
null anywhere over the frequency range. 

The VFO amplifier was tried with a selection 
of transistors TR2, 3 and 4, with the BC549 
cheapest and best, but even the humble BC109 
performed well. Similarly, ferrite toroids of dif- 
ferent diameters and A, values were successfully 
tried. 


REFERENCE 

[1] 'Tone Modulated HF impedanel 
Bridge’, by Ed Chicken, G3BIK, RadCom, 
June 1994. ¢ 
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Downing. 
‘Easi Build’ 80m Transceiver 


Part | by Bruce Edwards, 6RWCE 


HIS TRANSCEIVER was 
developed as a project 
that would hopefully appeal 
to the relatively inexperienced con- 
structor, although itis probably not 
ideal for the complete beginner. The 
ability to handlea soldering ironand 
identify components is necessary, as 
is the ability to read and work from 
acircuit diagram, buta lot of detail is 
included to make construction as 
straightforward as possible. 


DESIGN 
PHILOSOPHY 


THE AIM WAS to produce a 
basic transceiver with minimum 
component count that required 
little in the way of tools or test 
gear to get working, but which 
would give credible performance. 
A tall order, maybe. 

The first step was to decide 
exactly what was required. The 
obvious choice was a single band 
QRP rig. On the receiver side I 
opted for direct conversion, as a 
superhet design would be far more 
complex. For the same reason I 
decided on CW rather than SSB. 
Now, if you are going to operate 
QRP CW for the first time, the 
ideal place to do it (in my opin- 
ion) is on 80m. On this band, a 
watt or two will give you QSOs 
all over the UK and well into 
Europe, a fact that I discovered 
around 30 years ago, before QRP 
operation really took off. I re- 
duced the output of an old valve 
transmitter to about 3W, and to 
my surprise found that it seemed 
just as easy to make QSOs with 
this as it did with my 100W trans- 
mitter. 

There are many circuits for 
this kind of transceiver around. 
A lot of them seem to be severely 
limited by over simplification. I 
consider that VFO control is 
highly desirable, but that RIT is 
absolutely essential. If you are 
using crystal control for transmit 
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and receive, you have to rely on 
the other station being slightly 
off your frequency in order to 
produce the necessary beat note, 
or be able to shift the frequency 
of your oscillator slightly. With 
RIT and a VFO, it is a simple 
matter to ‘net’ onto another sig- 
nal, and then adjust your RIT for 
a comfortable note. 

Another highly desirable fea- 
ture is a sidetone oscillator. This 
enables you to hear what you are 
sending, and does not add greatly 
to the overall complexity. 

The method of construction is 
at least as important as the elec- 
tronics in a practical project. A 
major difficulty to many con- 
structors appears to be metalwork. 
“Chassis bashing’ went out with 
the widespread use of valves, 
and the skill has been largely 
lost. For this reason I opted to use 
double sided copper-clad board 
to make a chassis/panel arrange- 
ment, with rear apron and a 
screened enclosure for the VFO. 


From 
antenna 


The completed transceiver. 


Cutting and drilling are kept to a 
minimum, and the need to manu- 
facture printed circuit boards 
avoided by mounting most com- 
ponents (with the exception of 
those in the VFO, which are 
mounted on a small piece of 
matrix board) ‘dead bug’ fash- 
ion. More on that later. 


DESCRIPTION 


THE BLOCK DIAGRAM of the 
transceiver is shown in Fig 1. 
The VFO is common to transmit 


_and receive. 


On receive, the incoming sig- 
nal is passed from the antenna 
socket by the changeover relay 


Receive circuits 


Band pass 
filter 
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Low pass 
filter 


Audio 
output , 
LM380N § 


To antenna 
relay 


To key 
socket 


To volume 
control 


Fig 1: Block diagram of the ‘Easi Build’ transceiver. Power supplies have been 


omitted for clarity. 


to the band-pass filter which 
greatly attenuates out-of-band 
signals, and then to the mixer 
where it is mixed with the VFO 
signal to produce an audio beat 
note. Most operators favour a 
note of 800-1000Hz, so the VFO 
will be offset by this amount. As 
there will be many in-band but 
unwanted signals at the mixer 
input, so there will be many more 
at the output after the mixing 
process. Although most of these 
will be beyond the range of hear- 
ing, some may be strong enough 
to overload the audio stages. The 
low pass filter will all but remove 
those at radio frequencies, and 
attenuate the higher audio frequen- 
cies. The audio pre-amp now am- 
plifies the wanted signal to a suffi- 
cient level to drive the output stage. 

On transmit, the VFO signal is 
amplified by the driver and then 
the PA to give an output in excess 
of 1W. Harmonics are attenuated 
by the low pass filter and the 
signal is passed to the antenna 
socket by a change-over relay. 
Keying is by means of a ‘keying 
switch’ (electronic, not mechani- 
cal), which keys the 13 volt sup- 
ply to the PA. This keyed 13 volts 
also supplies the sidetone oscil- 
lator, the output of which passes 
to the audio output stage via the 
sidetone level control. 

The RIT in this design allows 
the operator to tune approx 
+1.5kHz of the frequency on re- 
ceive. The position of the RIT 
control does not, of course, af- 
fect the transmit frequency. ¢ 


To be continued... 
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PART ONE we looked at 
[= overall design and block 
ayout of the transceiver. This 
month we go on to look in detail at 
the first building block, the Vari- 
able Frequency Oscillator. 


VFO 


THERE IS NOTHING remark- 
able about the VFO (Fig 2). Simi- 
lar circuits are to be found in 
many pieces of equipment. The 
oscillator transistor is a 2N3819 
FET. This operates at a low power 
level, so the generation of excess 
heat, the enemy of VFO stability, 
is minimised. The supply is stabi- 
lised at +5V by IC1. The buffer 
stage consists of two BC108s. I 
chose these because they are 
cheap, common, and I have a 
bag full of them. Most amateurs 
must have a few lying around. 
The coil, L1, is wound on a TS0- 
2 toroidal core. Wound with the 
number of turns specified, you 
should have a VFO that works on 
the correct frequency, which 
might not be the case if any old 
former and core were used (I 
don’t know of any current source 
of new coil formers). In practice, 
frequency stability is quite ad- 
equate. 

Mention must be made of the 
tuning capacitor, VC1. The tun- 
ing range is determined by the 
value of this component. 12pF 
allows coverage of the whole of 
the CW segment with a little to 
spare at each end, while 10pF 
will just cover the required range. 
As I prefer to have a little over- 
lap, [used 12pF. With the amount 
of bandspread that this provides, 
the tuning rate is comfortable 
without a slow motion drive. This 
of course simplifies mechanical 
construction. The value of a vari- 
able capacitor can be reduced by 
removing some of the plates. 
Actually, it is the number of gaps 
that determines the value, so if 
you divide this number into the 
value, you will know how many 
pF each gap contributes. The 
excess plates should be carefully 
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removed with long-nosed pliers, 
taking care not to damage the 
remaining ones or over stress the 
bearings or shaft. So, if you have 
a component with a value that is 
a little too high, you can still use 
it, although I wouldn’t recom- 
mend trying to reduce the value 
by more than 50% as the results 
become less predictable. 

It was decided not to build the 
VFO ‘dead bug’ fashion for two 
reasons, (1) the rigidity (very im- 
portant in a VFO) wouldn’t be as 
good as it could be, and (2) ther- 
mal stability. With the frequency 
determining components in con- 
tact with the chassis, they would 
be more prone to sudden changes 
in temperature than if they were 
mounted independently. As 
printed circuits had been ruled 
out, the VFO was built on a 2'4in 
x 2Y%in piece of O.lin matrix 
beard. This in turn was mounted 
using two 12mm M2.5 screws, 
with extra nuts as spacers to keep 
the board clear of the chassis. See 
Fig 3 for the layout of the VFO 
board. 

It turned out to be essential that 
the VFO be fully enclosed, not 
for the obvious reason of RF 
screening but because the slight- 
est draught caused unacceptable 
drift. Holes are drilled in the 


RIT voltage 
trom RLY 1 


2N3819 


BC108 
Viewed from below 


Downitoés. 
‘Fasi Build’ 80m Transceiver 


Part 2 by Bruce Edwards, GWE” 


Fig 3: The VFO is built on matrix board. 


|___Lee 


screens to allow connections to 
pass through. Obviously this 
should be done before assembly. 
Initially the lid can be left off. 
Decoupling capacitor C40 should 
be mounted close to where the 
lead carrying the RIT voltage 
enters the enclosure. 4 


To be continued... 
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Fig 2: The VFO consists of a buffered Colpitts oscillator. 
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L1 fixed in position by screw 
and nut and ‘washer’ made 
from veroboard 12-15mm dia 


+13V 


¢ 
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00970000000 ¢ 
ed 
~20)920000000 
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ee ot 
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00" 0800) 0000 70 102.007 0 0) 070-0; 070-0 


Under-board 
connections 


Ground 
©RsGB RC2348 


COMPONENTS | 


Resistors (all 0.6W metal film) 


R1i,2 100k 

R3 15R 

R4 820R 

RS 1k5 

R6 33R 

R7 12k 

R8 270R 

Capacitors 

Gil 10pF ceramic plate 

C2 130pF close tolerance 
polystyrene 

C3, 4 750pF close tolerance 
polystyrene 

(Ss 22pF polystyrene 

C6, 7 100nF ceramic disc 

C8, 9 10nF ceramic disc 

VC1_ 10 or 12pF (see text) 

TC1 65pF (Maplin WL72P) 

Inductors 

eal 50t, 32SWG, on 


T50-2 toroidal core 


RFC1 1mH 
Semiconductors 
TRI 2N3819 
TR2, 3 BC108 
ICl 78L05 
D1 BB409 
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Downifots. 
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| oe aie Part J by Bruce Edwards, 6IWLE* 


2, the VFO was covered. Now 


COMPONENTS 
Resistors (all 0.6W metal film 


we look at the receiver. C13 unless specified otherwise) 
R9 5k6 
THE RECEIVER R10 120k 
REFERRING TO Fig 4 and the To pint R11 33k 
detail in Fig 5, the bandpass filter IC3 R12 3k3 
comprises Tl, T2, C10, C11 and R13 1k 
C12. The transformers are from eran R14 1R2 
Toko, which make circuits such RLY 2 RV1 22k log. pot. 
as this easily reproducible. 
Next comes the mixer. The Capacitors 
NE612 is a useful device, contain- C10, 12 47pF ceramic plate 
é é i Ground F 
ing an oscillator as well as a mixer. connection C1 4.7pF ceramic plate 


I decided not to make use of the 
oscillator in this case. The NE612 
operates from an 8V supply pro- 
vided by IC2, a 78L08. 

As mentioned previously, the 
output contains many signals, au- C18 22nF ceramic disc 
dio and RF. RF ones are unwanted C19 10uF 16V electrolytic 
and are removed by RFC2 and Fig 5: T1 and T2 are mounted upside down on the earth plane and wired as shown. C20, 21 10nF ceramic disc 
C17. The higher audio frequen- C22 [uF 16V electrolytic 
cies are progressively attenuated e235 InF ceramic disc 
by R9 and C18, which form a low C24 47uF 16V electrolytic 
pass filter. This gives 3dB attenu- C25 100pF 16V electrolytic 
ation at 1.3kHz and 6dB per oc- C26 100nF ceramic disc 
tave thereafter. 

TR4 is the audio pre-ampli- 
fier. A BC109 was chosen 
rather than a BC108, because it 
gives more gain, which is re- 
quired here. The audio output 
stage is an LM380N. As shown 
in Fig 6, it is mounted upside 
down, or ‘dead bug’ style. Un- 
like the previous stages, it is 
supplied with 13 volts on trans- 

speaker socket 


mit as well as receive, as it is (Note: Insulated wire 
©RSGB RC2387 


C13 100pF ceramic plate 
C14 10nF ceramic disc 
(Calls, 22pF polystyrene 
C16 luF 16V electrolytic 
C17 10nF ceramic disc 


©RsGB RC2386 


To volume 


Fig 6: IC4, the audio output chip, is mounted 
control 


‘dead bug’ style on the ground plane and 
wired as shown. 


Grounded pins 
soldered to board 


Inductors 
RFC2 ImH 
THe? Toko KANK3333R 


Semiconductors 
TR4 BC109 
IC2 78L08 
IC3 NE612 
IC4 LM380N 


To be continued... 


. . soldered to —ve of Top view of IC 
needed to amplify the sidetone C24 for long wire run) showing pin numbering 
signal to loudspeaker level. ¢@ 
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From 
antenna 
relay 

O 


Fig 4: Circuit of the receiver. The input 
VFO input is via a short length of 


miniature coax from C9. ©rses Acz385 
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‘Easi Build’ 80m Transceiver 


Part ¥ by Bruce Edwards, GAWCE 


O FAR IN this multi-part 
feature the VFO and re- 
ceiver have been detailed. 


This time we move on to look at 
the transmitter. 


TRANSMITTER 


REFERRING TO Fig 5, when 
the transmit switch is closed, 
RLY2 (which will be shown in a 
subsequent part) switches the 
antenna to the PA stage and 13V 
from the receiver to the transmit 
circuits. The RIT control on the 
front panel becomes no longer 
operative, and the VFO offset 
voltage now comes from RV3. 

The VFO signal is fed to the 
input of the driver stage, a 
BFYS1. The collector is coupled 
to the PA by L2, a toroidal trans- 
former. It is more usual to tune 
this with a trimmer, but (on 80m 
at least) the tuning is very flat, so 
the number of turns is optimised 
for a standard value capacitor, in 
this case 150pF (C30). There is 
adequate drive over the whole 
of the tuning range. 

Low frequency parasitic os- 
cillations, normally below 
100kHz, sometimes occur in the 
driver stages of QRP transmit- 
ters, and can go unnoticed by 
the operator. I remember com- 
ing across a rough CW signal on 
about 3630kHz. I identified the 
station concerned, tuned down 


BV keyed 
to 
sidetone 


PHOTO BY VIVIENNE EDWARDS, MIBQW 


_ satay e 
3A REGULATED 
0 POWER SUPPLY 


The completed transceiver (centre). 


the band and also found him on 


3560kHz. The two signals were 


70kHz apart, indicating that the 
spurious was on 70kHz. As ex- 
pected, I found another rough 
CW signal at 3490kHz. The sta- 
tion concerned was only run- 
ning 3W and was nearly two 
hundred miles away. This prob- 
lem is normally caused by poor 
decoupling and is easily cured. I 
have had no such problems with 
this design. 

The output from TRS is taken 
via a link winding on L2 to the 
base of TR6, the PA. This is a 
BFY51 and produces in excess 
of 1W output. The DC feed 
choke, RFC3, is not critical. 
Some variation in wire thickness 
and number of turns shouldn’t 
cause any problems, so just try 


antenna 
relay 


C35 
820p 
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Fig 5: The transmitter produces over 1W output and, thanks to adequate 


decoupling, is quite stable. 
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what you have available. Take 
care though not to damage the 
enamel insulation when passing 
the wire through the bead, as this 
is easy to do. 

The output is coupled by C32 
to the low pass filter, comprising 
L3, L4, C33, C34 and C35. It 
then passes via the changeover 
relay RLY? to the antenna socket. 

TR7 is the keying switch. Its 
use is preferable to directly key- 
ing an RF stage such as the PA or 
driver, which can be unpredict- 
able because RF has a tendency 
to find its way into keying lines. 
Also, there is the added advan- 
tage that the key or keyer only 
has to cope with the base current 
of TR7, a few milliamps. The 
disadvantage of this kind of cir- 
cuit is that it appears to be very 
good at injecting RF into supply 
lines and causing a shift in VFO 
frequency on ‘key down’ - some- 
thing which is all too common in 
simple QRP equipment. The so- 
lution, again, is adequate 
decoupling, which is taken care 
of by C30 and C31. 


CORRECTION 


IN PART TWO, the value of C2 
was given in the components list 
as 130pF. It should be 150pF (it 
was shown correctly on the cir- 
cuit diagram). ¢ 


To be continued... 
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WMike & Victor 


Would it be OK 
just to build part 
of this project? 


©RsGB RC2411 
COMPONENTS 
Resistors (all 0.6W 
metal film) 
Rao like 
R16 220R 
Rl7. BAF R 
R18 56R 
R19 33R 
RD Ome elike 
Capacitors 
C2 jae Lone 
C28 10nF 
@29>) 150pk 
G30) = L0nF 
C31 10nF 
@320nk 
C33 820pF 
C34 = 1500pF 
C35 820pF 
C36ge2-20F 
Inductors 


L2 42 turns of 0.375mm 
enamelled wire on a 
T50-2 core, plus a 5 
turn link of PVC cov- 
ered wire over the 
main winding 

L3, L4 22 turns of 0.56mm 
wire on T50-2 core 

RFC3 20 turns of 0.19mm 
wire on ferrite bead 


Semiconductors 
TUR RNS) 
TR6 BFY51 
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Yes, L often 
"mix and match’ 
parts of circuits 


Downitais 
‘Easi Build’ 80m Transceiver 


ARE NOW at the 
point where the final 
parts of the circuit dia- 


gram are to be shown. Next month 
we will move on to look at the 
construction. 


RIT 


THE REQUIREMENT here is 
that the VFO frequency can be 
varied over a small range without 
moving the main tuning control. 
As you can see from Fig 6, RV2, 


RIT 6 
voltage to 
VFO 


Part 5, by bruce Edwards, GAWLE * 


the RIT control is active on receive 
only. On switching to transmit, the 
RIT control has no effect, and the 
frequency reverts to that set by the 
main tuning. The actual shift in 
frequency is accomplished by a 
BB409 varicap (variable capaci- 
tance) diode coupled to the VFO 
tuned circuit. When this is reverse 


©RsGB RC2429 


Fig 6: How the RIT voltage to the VFO is switched between transmit and receive. 


To RV1/ 
C23 
junction ExZ2 


bd 
ion sidetone 


volume 
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Fig 7: The sidetone oscillator and its 
associated level control. 


To “ ToTl 
antenna 
socket RLY 14-0 From 
2a it C35/L4 
: junction 
1 
13V from rR 
power 
socket 


1BVR 
RLY 4———0 13VT 
2b: al 


trans/rec 
switch 
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Fig 9: Transmit-receive switching. 
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Power socket 


(phono) 
SKT1 
a 


FIA PLY 


Power lead 
with lamp 
in-line fuse 


013V To VFO, IC4, 
RIT and c/o 
relay RLY2 


‘Idiot’ diode 


©nrsos Ac2431 


Fig 8: The connection to the supply contains protection against the wrong 
polarity power accidentally being applied. 
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biased (ie positive to the cathode) 
it exhibits a capacitance which is 
dependant on the voltage, so by 
varying the voltage it will tune the 
VFO over a small range. A fixed, 
stable voltage is required on trans- 
mit. This is provided by RV3. On 
receive, a variable voltage is pro- 
vided by RV2, the front panel 
mounted RIT control. The supply 
to RV2 and RV3 is stabilised by 
IC5. Relay RLY | selects the volt- 
age from RV2 or RV3, depending 
on whether the transceiver is in the 
receive or transmit mode. 


SIDETONE 


THE SIDETONE oscillator (Fig 
7) uses a 741 IC. It draws its 
supply from the 13 VT line, butis 
only activated on ‘key down’ by 
13 volts from the keying switch 
(TR7, shown last month). The 
output is taken to the volume 


control, RV1, via the sidetone. 


level control, RV4, which is used 
to reduce the level of signal reach- 
ing the volume control. This is 
for operator comfort. 


POWER SUPPLY 


POWER IS supplied to the trans- 
ceiver via a phono socket on the 
rear apron (see Fig 8). This is 
decoupled by C43. There is a 
diode, normally reverse biased, 
connected directly across the sup- 
ply input. This is 
for protection, 
so if the supply 
is accidentally 
connected the 
wrong way 
round the diode 
will be forward 
biased and will conduct, 
blowing the 1A fuse which 
should be installed in a 
holder in the power lead. 


ANTENNA 
SWITCHING 


THIS IS accomplished using 
a double pole change over 
relay, RLY2 (see Fig 9). ¢ 


How come this 1 watt 
transmitter on 80 metres 
gets that much further 
than my VHF hand-held? 


COMPONENTS 


Resistors 


R21  680R 

R224, 2k2 

R23 = 10k 

R24  =10k 

R25 4k7 

R26 22k 

RV2. 1k 

RV3  4k7 

RV4 47k 

Capacitors 

C37 10nF ceramic disc 
C38 100nF ceramic disc 
C39 100nF ceramic disc 
C40 100nF ceramic disc 
C41 InF ceramic disc 
C42 10nF ceramic disc 
C43 100nF ceramic disc 
Semiconductors 

IC5 78L08_ 

IC6 = =741 


D2 1N4007 


Miscellaneous 
RLY1 12Vsingle-pole 
change overrelay 
12V double-pole 
change over relay 
Fl 1A fuse with 
in-line holder 
Sl Single make switch 
PL! Phono plug 
SKT1 Phono socket 


RLY2 


To be continued... 


Mike & Victor 


Because CW occupies 
much smaller band-wid 
than FM and the signa 
are reflected by the 
ionosphere! 
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Domina. 


‘Easi Build’ 80m Transceiver 


AVING CONCLUDED 

the electrical side of the 

transceiver, we move on 
to aspects of its construction. 


MECHANICAL 
CONSTRUCTION 


AS STATED PREVIOUSLY, this 
project was designed for easy con- 
struction. Mechanical work has 
been minimized; nonetheless 
some is required. The copper-clad 
board should be double-sided fi- 
breglass, but SRBP could be used. 
This would be easier to cut, but the 
end result is not as rigid. If you 
have, or if you know someone 
who has access to a workshop 
guillotine, then this part of the 
project could be very easy. If not, 
you will have to cut the board by 
hand. Possibly the best way to do 
this is clamp it in a vice between 
two pieces of angle iron, which 
are then used as a cutting guide. 
Using a hacksaw, cut the pieces very 


All dimensions in millimetres 


Part 6 by Bruce Cowards, GWE * 


Note: Hole for variable capacitor VC1 will need to be 
3/8in dia it older component [sused, otherwise 10mm 


All dimensions in millimetres 


Fig 11: Front panel and rear apron layouts. 


Fig 10: The chassis, seen from the back. 
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©rsae RC2441 
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slightly oversize, then file down to 
the required dimensions. Refer to Fig 
10 and Fig 11 for the dimensions. 

When you have cut the base, 
front panel, rear apron, VFO en- 
closure and the two triangular sup- 
ports, the holes can be drilled. 
First, mark their locations accu- 
rately and center punch. Start by 
drilling all holes 3mm in diameter. 
The larger holes can then be drilled 
to 6mm. At 10mm more care is 
needed, as the drill can easily bite 
into the PCB. If you can, clamp the 
board firmly and drill through as 
slowly as possible. 

The antenna socket can be any 
type you choose. If you want to fit 
an SO239, a 16mm hole will be 
needed. This can be made by 
marking out, drilling to 10mm and 
enlarging with a file. Alternatively, 
drill a series of small holes, (say, 
2mm) inside the circumference of 
a 16mm circle, cutting out the 
center and finishing-off with a file. 

Finally, drill the two 3mm holes 
in the base for the screws which 
support the VFO board. In this 
instance there is no need to meas- 
ure, just place the matrix board 
that you will be using in position, 
and mark through the holes. 


ASSEMBLY 


WITH EVERYTING cut out and 
drilled, assembly can begin. Start 
by mounting the front panel on the 
base. Initially, use just one blob of 
solder in the center. Then fix the 
side pieces of the VFO enclosure, 
again soldering lightly. After this, 
solder the rear apron in place. Fi- 
nally, solder the two triangular sup- 
ports in place. Do not mount the 
rear of the VFO enclosure at this 
stage. Inspect your work and, if 
happy, apply more solder to the 
joints and also solder in more 
places. 

The end result will look more 
pleasing if the front panel is faced 
with card or thick paper, bearing 
labeling for the controls, along 
with a tuning scale for the VFO 
and zero and +/- marks for the RIT 
control. This can be done at any 
stage and fixed with adhesive. ¢ 
¥232 Earlham Road, Norwich, NR23RH.—_ 
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Final part. by Bruce Edwards, GWE 


NALLY WE reach the 
concluding part of the 
project, where everything 


that has been described over the 
past months gets put together. 


ELECTRICAL 
CONSTRUCTION 


THIS IS BEST done in a logical 
order, rather than haphazardly. 
Refer to Fig 12, and start by mount- 
ing the large components: con- 
trols, sockets, switches, relays (the 
latter can be fixed in place with a 
spot of Super Glue®). Draw pencil 
marks on the base, along the line 
of the receiver (30mm from the 
side edge) and transmitter (30mm 
from the back edge). These are 
used as guides for the smaller 
components. 

The first major job is the VFO. 
Fit all components and make all 
connections, taking great care to 
get the pin connections of the 
semiconductors right. Check and 
double-check everything. Mount 
the VFO board, ensuring that the 
connections on the underside are 
clear of the base. Connect the 
variable capacitor using stiff wire 
(1.25 or 0.9mm). The lead to the 
RIT pin can be grounded for now. 
Connect a 13V supply and check 
that there is 5 volts at the output of 
IC1. All being well, the tuning 
range can now be roughly set. 
With VC1 at half mesh, connect a 
short length of wire to the output 
(C9). Using a test receiver tuned 
to 3550kHz, adjust TC1 until a 
signal is heard. This is all that is 
needed at the moment. Don’t be 
concermed if the VFO is not very 
stable at this stage. 

Now for the receiver. Referring 
to Fig 4 (September 1999) start by 
assembling the bandpass filter (see 
Fig 5) and fixing it in place. Con- 
tinue with IC3, [C2 and the smaller 
components. IC3 is mounted in 
the same manner as IC4 (‘dead 
bug’, ie legs upwards), but only 
pin 3 is grounded. Where ground- 
ing is necessary, leads are sol- 
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dered directly to the base. Carry 
on until the receiver is complete. 
The volume control is connected 
with miniature screened audio ca- 
ble, and the output from IC4 is 
connected to the loudspeaker 
socket. 

The receiver can now be tested 
using a temporary connection from 
the VFO to IC3, with 13 volts to 
IC4, TR4 and IC2, and a length of 
wire as an antenna to the input of 
the bandpass filter. Sensitivity will 
be low, but it should be possible to 
hear something by tuning the VFO 
up and down its range. 

Continue with the auxiliary 
circuits; the RIT, sidetone, 
changeover relay RLY2 [1] and 
the power connector. Perma- 
nent power connections can be 
made to all stages, a length of 
miniature coax connected to 
C15, and the wiring tied down 
neatly as shown. Now carry on 
and complete the transmitter 
and make a thorough check of 
everything. 


TESTING 


IF AT ANY STAGE a problem . 


appears, turn off the power and 
investigate it. Connect a loud- 
speaker and an antenna, and turn 


on. Advancing the volume control 
should result in noise from the 
loudspeaker. Set the RIT control to 
zero. Tune the VFO and search for 
a steady signal at the centre of the 
tuning range. When one is found, 
using a suitable tool, adjust the 
cores of Tl and T2 for maximum 
volume. Now check the function 
of the RIT control. 

Disconnect the antenna and 
connect a Morse key and a dummy 
load [2]. Set RV3 to the centre of 
its travel. Switch to transmit and 
press the key. The sidetone should 
be heard in the speaker. Holding 
the key down, tune the test re- 
ceiver until the signal is found, 
somewhere near 3550kHz. If you 
have a power meter it can be con- 
nected between the transceiver and 
dummy load. It should show an 
output of at least 1 watt. 


SETTING UP 


THERE ARE ONLY three ad- 
justments to be made; the VFO, 
RIT and bandpass filter; and 
they have already been roughly 
set. 


VFO 


Close the vanes of VC1 fully. The 
tuning knob should be set to ex- 


PHOTOGRAPH BY 
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A look inside the completed 'Easi Build’. 


actly 9 o’clock. Now set the test 
receiver to 3490kHz if VCl is a 
12pF component or 3500kHz if it 
is 1OpF. Adjust TC1 until the sig- 
nal is heard. Set the tuning control 
to the 3 o’clock position and check 
the frequency of the VFO by find- 
ing the signal with the test re- 
ceiver. If using 1OpF for VC1 the 
frequency should be about 
3600kHz, if using 12pF it should 
be about 3610kHz. The VFO en- 
closure can now be completed, 
but don’t use too much solder on 
the lid - you might want to remove 
it at some future time. The VFO 
must be calibrated, but not yet. 
Since you have just heated eve- 
rything up with a soldering iron, 
now is not a g@od time, allow 
several hours to elapse first. 


RIT 


Set the VFO to the centre of its 
range, the RIT control to zero (cen- 
tre), and tune the VFO to give a 
beat note on the test receiver. Switch 
to transmit and adjust RV3 for ex- 
actly the same note. Switch be- 
tween transmit and receive and 
carefully adjust RV3 so that the 
note doesn’t change. 


BANDPASS FILTER 


With the antenna connected, find 
a steady signal in the centre of the 
tuning range and carefully adjust 
Tl and T2 for maximum signal 
strength. This time take care and 
make sure it is right. 


CALIBRATION 


It just remains to calibrate the VFO 
scale and the transceiver will be 
ready for use. 

Before using it in earnest, 
though, it would be a good idea 
to get a local amateur to listen to 
your signal to make sure that all 
is well. 


AND FINALLY... 


THE 'EASI BUILD ' transceiver 
is delightfully easy to use. To 


*232 Earlham Road, Norwich, NR2 3RH. 
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Volume control 


Wiring tied down 
with short lengths 
of wire soldered 
to base ey 


Speaker 
socket 
(phono) 
>. Denotes 
‘ connection to ground 


Trans/Rec 


switch 


Power 
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Antenna (phono) 
socket 
(as required) 


TR6 
in heatsink 


VFO tuning 


RIT voltage in 


VFO enclosure, 
top not in place 


©ASGB RC2492 


_ Fig 12: Layout of the major components. Smaller components are soldered between the larger ones. 


net onto a station, start with the 
RIT at its centre position and 
adjust the main tuning for zero 
beat. The RIT can now be set to 
give the desired note. 

With a reasonable antenna 
(eg a GSRV) you shouldn’t 
have any shortage of QSOs. 
You are unlikely to achieve 
WAC or DXCC (please prove 
me wrong); on the other hand, 
you will almost certainly have 
no problems with TVI or BCI. 
Have fun! 


NOTES 


{1] As a particular relay is not 
specified for RLY2, you will have 
to work out the connections for 
yourself. If no data is available, 
this can be done visually and con- 
firmed with a test meter on a resist- 


ance range. 
[2] This can be three 150Q 0.5W 
resistors in parallel. + 
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ABBREVIATIONS AND SYMBOLS 


Ampere (the electrical unit of current) 
Audio Frequency 

Amplitude Modulation 

Broadcast Interference 

Beat Frequency Oscillator 

Citizens’ Band 

Continuous Wave (Morse) 

Deutsche Democratic Republic 

(the former East Germany) 


DXCC DX Century Club (an award) 


MHz 
MW 


Frequency Modulation 
Intermediate Frequency 
kilohertz (one thousand Hertz) 
kilowatt (one thousand watts) 
Long Wave 

metre (metric unit of length) 
Megahertz (one million Hertz) 
Megawatt (one million watts) 


NRAE Novice Radio Amateurs Exam 


Q 
PA 


Ohm (the unit of resistance) 
Power Amplifier 


pF 

QRP 
QSL 
QSO 


pico Farad (10° farad) 
Low power 

Confirmation of a contact 
A contact 


QTHR Location as given in the RSGB Yearbook 


RAE 


Radio Amateurs Exam 

Radio Frequency 

Receiver Incremental Tuning 
Radio Society of Great Britain 
Self-addressed Stamped Envelope 
Tuned Radio Frequency 
Television interference 

Ultra High Frequency 

United Kingdom 

Volt (the electrical unit of potential) 
Variable Frequency Oscillator 
Very High Frequency 

Very Low Frequency 

Watt (the electrical unit of power) 
Worked All Continents (an award) 
World War 1 
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Downton. 
A Simple Diode Tester 


NE OF THE regular prob- 

lems when assembling di- 

odes into a project is 
working out which end is the cath- 
ode and which the anode. This is 
particularly so when using diodes 
from the ‘junk box’ and finding 
that the markings have become 
somewhat indistinct. 

It is not too difficult to use a 
resistance meter to check the po- 
larity, but this only looks at one 
aspect. The unit described below 
provides an unambiguous means 
of identifying the cathode, and 
carries out some other simple tests. 
It can also be used to check that 
bipolar transistors are ‘in the land 
of the living’. 

But first, a few words of cau- 
tion: be very wary of using rectifi- 
ers of unknown characteristics in 
power supplies or other high cur- 
rent applications. The fact that a 
rectifier looks big enough is not a 
good indication that it is adequate 
for the job. Using inadequate de- 
vices is likely to result, at best, in 


COMPONENTS 
Resistors (metal film 1/4 watt, 5%) 
RI 220k 
R2 100k 
R3, R4 10k 
R5, R6 150R 
R7, R8 22k 
R9 820R 
Capacitors 
Cl 3.3nF ceramic 
(eg Maplin RA41U) 
C2 10uF16V tan 
talum bead (eg 
Maplin WW68Y) 
C3 100nF polyester 
(eg Maplin) 
BX76H) 
Semiconductors 
ICl 4049 
IC2 L272M 
D1, D2 1N4001 
LEDI} 273 Smm high 
brightness (eg 
Maplin WL84F) 
Miscellaneous 
Push button switch (eg Maplin FH59P) 
4mm terminal posts (eg Maplin FD69A) 
Project box (eg SB1A - Maplin BZ27E) 
Strip board 


OOO EE——————————— 
*178 Clay Lane, South Yardley, Birmingham 
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By Anthony § Plant, MBE: Bsc. beng. Mec 
GHKC* 
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Fig 1: The Simple Diode Tester gives an instant ‘dead’ or ‘alive’ indication. 


poor reliability. At worst, the re- 
sult could be the well-known dark 
brown smell, followed by smoke 
and even flames. 
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CIRCUIT 


DESCRIPTION 
THE CIRCUIT IS shown in Fig 1. 


A simple square wave oscillator is . 


0000 0 0 Mig 
fefebofobefot ote 
foledefehepoetotepec 
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Oo 
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Oo 


i} 
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formed by inverters [ClaandIC1b. 
This runs at about 1.2kHz although 
the actual frequency is not par- 
ticularly important. 

Gates IC1c and IC1d buffer the 
output of the oscillator and split 
the signal into two paths. One of 
the paths is then inverted, which 
results in two anti-phase square 
wave signals being produced at 
the outputs of IClc and ICle. 

These anti-phase signals are fed 
to the inverting inputs of a dual 
operational power amplifier, IC2, 
via R3 and R4. The non-inverting 
inputs are connected to a potential 
divider chain which holds them at 
half the supply voltage. 

Consider, now, the Diode Un- 
der Test (DUT) being connected 
to the test terminals, TP1 and TP2, 
as shown. When IC2a output is 
high, current will flow through 
R5, D1, the DUT, LED2 and R6 to 
the output of IC%, which will be 
at about ground potential. The re- 
sult is that LED2 will illuminate. 

During the next half of 
the cycle, the output of IC2a 


Track side 


Fig 2: Stripboard layout and component overlay. Note that if you use the recommended project box, there is little room 


to spare. 
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Downie. 


An Introduction To The CRO 


The CRT’, (RadCom, Decem 

ber 1998), the principle of the 
Cathode Ray Tube was discussed. 
Now it is time to look at a particu- 
lar piece of equipment which uses 
the CRT. In the radio amateur’s 
shack, this equipment is usually 
the Cathode Ray Oscilloscope, or 
CRO. 

In that article, the functions of 
the heater, cathode, grid, anodes, 
deflector plates and phosphor were 
explained, together with the op- 
eration of the brilliance (or inten- 
sity) and focus controls. It is now 
instructive to see how signals ex- 
ternal and internal to the CRO are 
fed to the CRT, and to understand 


I: “AN INTRODUCTION To 


*/ Langford Crescent, Benfleet, Essex SS7 3JP. 


will be at about ground po- 
tential and that of IC2b will 


be high. Under these conditions, 
the DUT will be reversed 

biased so no cur- 
rent will 
flow. 


With the DUT connections re- 
versed, it follows that the opera- 
tion of the circuit will be similar to 
that previously described, but 
LED1 will now be illuminated in- 
stead of LED2. 

If the unit is constructed so that 
LED1 is adjacentto TP1 and LED2 
to TP2, a direct indication is given 
of the terminal to which the cath- 
ode of the DUT is connected. 


CONSTRUCTION 
' WITH THE exception of the 
placement of C2 and C3, there is 
nothing at all fussy about the con- 
struction and the builder can use 


by George Brown, 5c. Phll bing. Fae, GMC 


External trigger 
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Signal input 


y-amplitier 


Fig 1: Block diagram of the basic cathode ray oscilloscope. 


why the oscilloscope is so useful 
as a measurement and test tool. 


X AND Y 

FOR 90% OF its everyday uses, 
the CRO presents a real-time dis- 
play of voltage (along the y-axis) 
against time (along the x-axis). 
The varying voltage on the y-plates 
is usually an amplified version of 
an external signal applied to the y- 
amplifier through a socket on the 
front panel (see Fig 1). This am- 
plifier has a large, fixed gain, but 
is preceded by a wide-range fre- 
quency-compensated attenuator, 
in order to accommodate the dis- 
play of signals of widely-varying 
magnitudes. The calibration scale 
on the y-attenuator enables 

the amplitudes of complex ie 


PCB, stripboard or ‘dead bug’ con- 
struction as preferred. Whatever 
form of construction is used, C2 
needs to be connected as close as 
possible to pins 2 and 4 of IC2, and 
C3 to pins | and 8 of IC1. 
A suitable strip board 
sia layout is given 
in Fig 2. 
Some care 
m is needed if 
p the SBIA 
F boxistobe 
used. The 
width of the 
strip-board is 
F such that it fits be- 
tween the lid support 
pillars of the box with little 
room to spare. Check the place- 
ment of the board before drilling 
the mounting holes. 


USING THE TESTER 
CONNECT THE DIODE under 
test between TP1 and TP2 and 
press the test button. You have a 
working device if either LED1 or 
LED? illuminates, the illuminated 
LED indicating the cathode of the 
device. 

Should both LEDs illuminate at 
equal brilliance then the diode is 
short circuit, or is a low voltage 
Zener. If both LEDs illuminate 
but one is brighter than the other, 
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Step 4 
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Fig 3: Use of the device to test bipolar transistors. 


the chances are that the device 
being tested is a Zener witha break- 
down voltage in the 4.7-6.8V re- 
gion. In this case, the brighter of 
the two LEDs indicates the cath- 
ode. 

Neither of the LEDs illuminat- 


ing indicates either an open circuit - 


diode or a flat battery - check that 
LED3 illuminates to eliminate the 
latter possibility. 

Testing transistors takes a few 
more steps, see Fig 3. Steps 1 and 
2 can be skipped initially and car- 
ried out, if needed, to give infor- 


mation on the probable fault should 
step 4 fail. 

At step | it might be found that 
both LED1 and LED2 illuminate, 
with one being brighter than the 
other. This is indicating that the 
reverse base-emitter breakdown 
voltage is less than about 7V, 
which is normal for some transis- 
tors. In this case, the brighter of 
the two LEDs is the one to-note. 

Transistor test is not particu- 
larly exhaustive, but it can be a 
simple way of checking that a de- 
vice is still alive. ° 
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Voltage 
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: Sweep :; 
: —>: —Flyback 


Voltage ; 


(a) 
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Fig 2(a): The voltage waveform applied to the x-plates of the CRT, (b) The 
blanking pulses applied to the CRT grid to suppress the appearance of the 


flyback on the screen, 


signals to be measured. 
@ The signal present on the 
x-plates varies uniformly with 
time, and is generated internally 


by circuits known as the timebase 
and the x-amplifier. 


TIMEBASE 

IN ORDER TO ‘draw’ the spot at 
a constant speed across the face of 
the tube, a sawtooth waveform is 
used, as shown in Fig 2(a). The 
waveform consists of two parts: 
the sweep is a rising voltage 
which is linear with respect to 
time and deflects the spot from 
left to right across the tube 
screen; the flyback 1s the falling 
section, which should occur very 
quickly, returning the spot to 
the left-hand side of the screen. 
This process is repeated, to give 
the continuous display of the 
input waveform. At very high 
sweep speeds, the flyback may 
occur in a time comparable with 
the sweep; when this occurs, the 
flyback becomes visible and clut- 
ters the display. To overcome this 
problem, flyback blanking is used. 
When the flyback occurs, thenega- 
tive-going blanking pulse shown 
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Fig 3(a): The incoming waveform with 
two triggering levels shown, (b) The 
displayed waveform when triggered 
at points E and G, (c) The displayed 
waveform when triggered at points A 
and C. 
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in Fig 2(b) is applied to the grid of 
the CRT; this effectively switches 
off the beam, and no flyback is 
visible. Referring to the tube bias 
circuit given in Fig 3 of the De- 
cember 1998 article, the blanking 
pulse would be applied to the top 
end of R1 which is connected di- 
rectly to the grid of the CRT. The 
speed at which the timebase runs 
is governed by a calibrated rotary 
switch (coarse) and an uncalibrated 
potentiometer (fine), both on the 
front panel. These enable the speed 
of the timebase to be matched to 
the frequency of the incoming sig- 
nal, to display a convenient number 
of cycles on the screen. The cali- 
bration on the timebase control 
allows the measurement of time 
intervals to be made from the dis- 
play, from which signal frequen- 
cies can be calculated if required. 

There are three basic modes of 
timebase operation: free running, 
where the timebase runs freely at 
the speed set by the controls; syn- 
chronised, where the free-running 
timebase is given ‘kicks’, derived 
from the incoming signal, which 
return it to the left side of the 
screen, and will give a stationary 
display when the sweep controls 
are correctly set; triggered, where 
the timebase is inhibited (stopped) 
and can be triggered to produce a 
single sweep only, giving a sta- 
tionary display under all circum- 
stances. 

Both the synchronised and trig- 
gered modes require level and 
slope detecting circuits to operate. 
These functions are illustrated in 
Fig 3. 


TRIGGERING 

AN INCOMING sine wave is 
shown in Fig 3(a). If the timebase 
were to be triggered (or synchro- 
nised) whenever the voltage level 


crossed the value indicated by the 
line RS, it would begin the sweep 
at two points in every cycle, such 
as E and F or G and H. If the 
display is to remain static (the aim 
of triggering), this is unsuitable. 
In order to isolate only one point 
per cycle, the detection of the 
waveform’s slope is also needed. 
If a negative slope is selected, 
only points E and G will be found 
at the level RS, ie one point per 
cycle. The timebase will begin its 
sweep at the same point in each 
cycle, and thus will produce a static 
display, shown in Fig 3(b). A posi- 
tive slope selection would trigger 
the timebase at F and H. Fig 3(c) 


An osilloscope, displaying a complex waveform. 


illustrates the display that would 


be obtained by using a positive 
slope at level PQ. As Fig 1 shows, 
it is usual to derive the triggering 
signal from the incoming signal 
via the y-amplifier, but most os- 
cilloscopes have a socket for feed- 
ing in a trigger signal from an 
external source. This is most use- 
ful when viewing a complex wave- 
form. There is a simple test to 
check if a timebase is being syn- 
chronised or triggered: if the 
timebase stops when the signal is 
removed, it is being triggered. 
Many types of CRO do not distin- 
guish between synchronising and 
triggering on the front panel con- 
trols. 


x-am 


(voltage) 


current) 


Finally, what about the 10% of 
cases where the x-axis is nor time, 
but is another signal generated 
externally? One such application 
is illustrated in Fig 4. It uses the y- 
against-x capability ofthe CRO to 
plot the characteristics of a single 
component, in this case a Zener 
diode. The voltage signal is fed to 
the x-amplifier, and generates the 
x-axis; the voltage developed 
across R is proportional to the 
current flowing, and generates the 
y-axis. In this case, the x-axis scale 
is 5V per division; the display 
shows a 10V reverse Zener break- 
down, together with the standard 
forward characteristic of a silicon 
diode. The volt- 
age source can 
be derived from 
atransformer or 
from a function 
generator, pref- 
erably using a 
triangular 
wave. The 
measurements 
are not source- 
waveform-de- 
pendent. 

Other non- 
timebase appli- 
cations include 
the measurement of frequency us- 
ing Lissajous Figures, but this has 
little direct application in amateur 
radio. 


SPECIAL MODELS 

OSCILLOSCOPES made specifi- 
cally for amateur radio are usually 
called Station Monitors; typical 
examples being the Kenwood SM- — 
220 and SM-230. These are con- — 
ventional oscilloscopes but have 
direct HF/VHF access to the. y- 
plates, which allows a radiated RF 
waveform to be displayed, and 
trapezoidal displays of HF wave- 
forms to be produced. They also 
act as panoramic displays with the 
TS-950 range of transceivers. @ 


Current 


Voltage 


Fig 4: Displaying Zener diode characteristics using a CRO. 
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Mysteries of The Ionosphere 


HE IONOSPHERE is an 

area of our atmosphere 

which is of enormous im- 
portance to anyone interested in 
radio. It enables transmissions on 
the short wave bands to travel over 
vast distances, enabling world- 
wide communications to be made. 
However, to make the best use of 
the ionosphere, it is necessary to 
know a little about its nature - how 
it is formed, how it changes, and 
what affects it. 


WHERE IS IT? 

THE IONOSPHERE is aregion in 
the upper layers of the atmosphere. 
To look at where it is in more 
detail it is necessary to investigate 
the different areas within the at- 
mosphere, as shown in Fig 1. 

The system which is most 
widely adopted for defining the 
areas is that used by meteorolo- 
gists. The areas they refer to de- 
pend upon the temperature varia- 
tions. Temperatures fall with 
height in the troposphere to about 
-60°C. Atthe tropopause they start 
to rise again in the stratosphere 
where they rise slightly to just 
below O0°C. After this they fall 
again to about -90°C in the 
mesosphere. Finally, they rise 
again in the thermosphere. This is 
aptly named, because temperatures 
in this region can reach anything 
upto 1200°C! For interest, the ozone 
layer is found in the stratosphere at 
an altitude of around 20km. 

Itis found that at certain altitudes 
above the earth there is a large 
concentration of free ions and elec- 
trons. It starts to occur at altitudes 
above about 30km, however it does 
not reach levels that significantly 
affect radio waves until altitudes 
of at least 60km are reached. It is 
this area where the ions are found 
that is called the ionosphere. How- 
ever it is not the ions, but the free 
electrons caused by the ionisation 
process which affect the radio sig- 
nals. 


‘FORMATION 
THE IONISATION in the upper 
atmosphere is caused by radiation 
¥5 Meadway, Staines, Middx TW182PW 
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Fig 1: Layers in the atmosphere. 


which 1s received from the sun. As 
shown in Fig 2, this radiation has 
sufficient energy that when it hits 
the gas molecules it causes some 
of them to split into free electrons 
and molecules which are minus an 
electron (positive ions). 

It is mainly ultra-violet light 
which causes the ionisation to oc- 
cur. At very high altitudes the at- 
mosphere is very thin and levels 
of ionisation are low. However, as 
the altitude decreases, the gases 
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Fig 2: The formation of ions. 
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become more dense and the level 
of ionisation increases. This is 
shown in Fig 3. Itis also found that 
the ionisation process reduces the 
intensity of the radiation, and as it 
penetrates further into the iono- 
sphere it becomes weaker. This 
means that the level of ionisation 
starts to fall after a while. 

At the lower levels of the iono- 
sphere, where the intensity of the 
ultraviolet light has fallen, it is 
found that most of the ionisation 1s 
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caused by x-rays and cosmic rays 
which are able to penetrate further 
into the atmosphere. 

The way in which the ionisation 
forms means that there are a 
number of peaks in the level of 
ionisation. Often the ionosphere is 
thought of as having a number of 
distinct layers. In reality the whole 
of the ionosphere contains ionisa- 
tion, but there are areas where the 
levels of ionisation reach peaks. 
These are the layers which are 
often given the designations D, E, 
and F layers, as shown in Fig 4. 

Another point to note about the 
ionisation is that the free electrons 
and positive ions have a tendency 
to recombine. This means that 
while radiation from the sun is 
causing molecules to become ion- 
ised, other ionised constituents are 
recombining. In chemistry this 
state of affairs is known as a dy- 
namic equilibrium. It also means 
that the level of ionisation is de- 
pendent upon the amount of radia- 
tion being received. If the radia- 
tion is removed, then the ions and 
electrons will slowly recombine 
and the level of ionisation will 
fall. 


THE LAYERS 
THE LOWEST of the layers is 
designated the D layer. It exists at 
altitudes of between about 60 and 
90km. It is present only in the day. 
At night, when the radiation is 
removed, the ions and electrons 
combine relatively quickly, and 
after sunset the levels fall to such 
an extent that they have no effect 
on radio communication. 

This layer acts as an attenuator. 
It is found that when radio signals 
enter the layer they cause the elec- 
trons to vibrate. These electrons 
collide with gas molecules rela- 
tively frequently, in view of the 
relatively high gas density. Each 
time a collision takes place some 
energy is lost, and this manifests 
itself as a reduction in the signal 
level. One of the other factors 
which determines the level of at- 
tenuation of the signal is its fre- 
quency. It is found that the attenu- 
ation is inversely proportional to 
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Electron 
density 


Fig 3: Typical levels of electron 
concentration in the ionosphere. 


the square of the frequency, ie if 
the frequency is doubled the at- 
tenuation falls by a factor of four. 
Frequencies in the medium wave 
band are totally absorbed by it 
during the day, and even signals 
higher in frequency suffer some 
attenuation. This is onereason why 
long distance signals are stronger 
on higher frequencies than on 
lower ones if a path exists. 

The D layer is created chiefly 
by x-ray and cosmic ray radia- 
tion. 

Above the D layer the E layer 
exists at an altitude of around 
110 km. The rate at which free 
electrons and positive ions com- 
bine at this altitude means that the 
layer exists mainly in the day- 
time. After sunset, levels of ioni- 
sation fall relatively quickly, al- 
though some residual radiation is 
often present at night. 

Instead of attenuating the sig- 
nal, it tends to reflect, or more 
correctly refract it. Again, the free 
electrons are set in motion, but 
this time as the signal enters the 
layer it finds the level of ionisa- 
tion increases and this has the 
effect ofrefracting the signal away 
from the area of higher ionisation 
content. In many cases it is possi- 
ble for the signal to be refracted 
so that it returns to earth. 

Again, the frequency is very 
important. As the frequency rises 
so the degree of refraction reduces. 
Eventually a point is reached 
where the signal is not refracted 
sufficiently and it passes through, 
as shown in Fig 5. 

The E layer is produced by a 
variety of types of radiation, de- 
pendent upon the altitude within 
the layer. A large amount is pro- 
duced by x-rays and very short 
wavelength ultraviolet radiation. 
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The next layer above the E layer 
is called the F layer. This is the 
most important one for long-haul 
HF communications, chiefly act- 
ing as a reflector for the signals. 
During the day it usually splits 
‘into two layers. These are desig- 
nated the F1 and F2 layers, the F1 
layer being the lower of the two. 
At night only the one F layer ex- 
ists. Heights for the layers vary 
considerably, dependent upon a 
variety of factors including the 
time of day, the season and the 
state of the sun. As a rough guide, 


D layer disappears 
at night 


E layer becomes very 
much weaker at night 


proves in summer because more 
warmth is received from the sun, 
so the level of radiation reaching 
the ionosphere changes. 

The ionisation for the E layer 
follows a cyclical pattern and is 
dependent upon the elevation of 
the sun. In summer the levels of 
ionisation are higher, and they fall 
in winter. The F1 layer follows a 
broadly similar pattern. As the ley- 
els of ionisation are lower in win- 
ter, it is found that it merges with 
the F2 layer in all but the equato- 
rial regions. 


F2 layer 


Radiation from the sun 
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Fig 4: The layers in the ionosphere at day and night. 


in summer the F2 layer may be at 
an altitude of 250km and the F1 at 
around 180km. In winter these 
figures may be reduced to around 
200 and 150km. 

Like the D and E layers, the 
level of ionisation falls at night. 
However, the rate to which elec- 
trons and ions combine at these 
altitudes is much less. This means 
that the layer exists over the night. 

Most of the ionisation in this 
region is caused by ultraviolet 
light. 


VARIATIONS 
THE CONDITIONS of the iono- 
sphere are constantly changing. It 
has already been mentioned that 
the level of ionisation varies ac- 
cording to the time of day. This is 
not the only variation. The season, 
geographical position, and the state 
of the sun, all influence the state of 
the ionosphere. 

The season has a marked varia- 
tion upon conditions. In just the 
same way that the weather im- 


The behaviour of the F2 region 
is more complicated. Being the 
highest layer it is more directly 
exposed to some different condi- 
tions. Broadly it follows a similar 


Layer in the 
jonosphere 


trend to the other layers. 

The levels of ionisation vary 
according to the position on the 
earth. Broadly speaking, the equa- 
torial regions which receive the 
greatest levels of radiation from 
the sun have higher levels of ioni- 
sation. However, the F2 layer, 
which is furthest away from the 
earth, is also influenced by other 
factors. It is found that ionisation 
levels are higher above Asia and 
Australia than other areas. 

The state of the sun has a major 
influence on the ionosphere. It is 
widely known that the sun under- 
goes a cyclical variation over 
which the number of sunspots 
vary. This is an approximately 
eleven year cycle, although there 
is considerable latitude on this 
figure. The level of ionisation 
generated by the sun changes in 
line with the number of sunspots. 
At the trough of the cycle the 
highest frequencies which may 
support long-haul communica- 
tions may be only around 20MHz, 
whereas at the peak communica- 
tions may be pé&sible at frequen- 
cies in excess of SOMHz. 

The sun also affects the iono- 
sphere in other ways. Flares may 
occur, and these can have a vari- 
ety of effects. Fig 6 shows that 
there are a number of products 
from a flare. The first is that the 
level of radiation dramatically — 
increases. This causes the level of 
ionisation in the D layer to in- 
crease and this can cause a very 


Signal passes 
through the layer 


Signal at lowest 
frequency is 
refracted most 
and penetrates 
least into the layer 


EN 


Increasing 
frequency 


Fig 5: As the frequency rises so the signal is able to pass through the layer. 
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fast fadeout of HF conditions in 
what is often termed a Sudden 
Ionospheric Disturbance or SID. 
This only occurs on the sunlit side 
of the earth. Later, fast moving 
particles may arrive from the sun. 
These are generally diverted to the 
poles by the earth’s magnetic field, 
and result in a large degree of 
signal absorption around the poles 
in what is called Polar Cap Ab- 
sorption (PCA). Finally, slower 
moving particles arrive. These can 
cause a geomagnetic storm, which 
in turn can lead to an ionospheric 
storm. If this occurs then D layer 
ionisation rises whilst the F layer 
ionisation falls. This effect spreads 
out from the poles and can cause a 
major disruption to HF conditions 
for a few days. 


SUMMARY 

THE TOPIC OF propagation and 
the study of the ionosphere is very 
complicated, but even so it is pos- 
sible to make various predictions 
about its state. By taking into ac- 
count parameters like the position 
in the sunspot cycle, the time of 


day, and geographical position it 
is possible to make estimates of 
over which paths propagation may 
exist. Charts showing this are pub- 
lished monthly in RadCom. Un- 
fortunately, the effects ionospheric 
disturbances cannot be included 
because flares cannot be fore- 
casted! 
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ctromagnetic 
~~ radiation 
delay time 
8-3 min 


| Polar cap 
absorption — 
(PCA) | 


This is only a very brief intro- 
duction to what is a fascinating 
topic. To find out more about the 
ionosphere and all forms of radio 
propagation, lan Poole, G3 YWX, 
has written a new book published 
by the RSGB entitled Your Guide 
To Propagation. It is available 
from RSGB HQ priced £5.94. @ 


Magnetosphere 


lar wind impact 
the magnetosphere 


| delay time 20-40 F 


| Enhanced 
auroral ff 
effects ‘ 


| tonospheric | 
storm =f} 
effects | 


Fig 6: Effects of a flare on the ionosphere. 
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ABBREVIATIONS AND 
SYMBOLS 

ATC Air Training Corps 

HF High Frequency 

HQ Headquarters 

IC Integrated Circuit 

JOTA Jamboree On The Air 

km kilometre - one thou- 


sand metres 
LED Light Emitting Diode 
MHz Megahertz - one million 
Hertz 
PCB Printed Circuit Board 
RAE Radio Amateurs Exam 
RF _ Radio Frequency 
RSGB Radio Society of Great 
Britain 


V Volt - the electrical unit 
of potential 


VHF Very High Frequency 
@eeeee eeoeeedee 8 @ 


‘What Do You Know?’ 


Last Month’s Answers 
la; 2b; 3c; 4b; 5d; 6a; 7b 
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DowniTazas 
An Introduction To DSP 


IGITAL SIGN Pro- 
cessing (DSP) is prob- 
ably one of the most ex- 


citing technologies to be adopted 
by those working in the communi- 
cations field. It allows for the con- 
struction of filters that have very 
steep skirts (sides), which reduce 
the harmful effects of signals that 
are close in to the wanted signal. 
DSP techniques can even be used 
to provide superior modulation of 
an analogue transmitter. 

In fact DSP is not restricted to 
the filtering task. Ifthe Fast Fourier 
Transform (FFT) is applied to the 
incoming signal, then the familiar 
‘waterfall’ display shown below 


By Peter Finbow, GODEH 


shown in Fig 2. 

It is important to remember that 
the interval between samples is 
critical. For example, if the sam- 
pling circuit can only sample 
every 2us and a signal with a 
period of ls is applied, the sam- 
pled values will be unrepresenta- 
tive. This will lead to a very poor 
reproduction when the time comes 
to output the signal from the proc- 
essor. However, high speed sam- 
pling devices are expensive. For 
this reason most amateur radio 
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Fig 1: (a) Input signal plus sample time marks. (b) Output from the sampler. 
Each sample has the same amplitude that the signal had at sample times. 


is produced. There are many more 
areas of electronics that use DSP. 
In this article we will look at the 
most common use within amateur 
radio; the digital filter. 


HOW DOES IT WORK? 


THE FIRST THING to think 
about with all types of DSP is 
how do we turn the incoming ana- 
logue signal into a digital repre- 
sentation that the processor can 
work on? This process is called 
sampling and is shown in Fig 1. 
Sampling ts the process in which 
the incoming signal is measured 
periodically. 

The digital number that repre- 
sents each ‘sample’ is then fed on 
to the rest of the processor, as 


———————— 
*6 Down Road, Teddington, Middx TW11 9HA. 
E-mail: g0deh@compuserve.com 
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DSPs work at audio frequencies, 
but this is changing as the price of 
devices starts to fall. A simplified 
block diagram of a DSP is shown 
in Fig 3. 


NUMBER 
CRUNCHING 


HAVING CONVERTED the in- 
coming analogue signal to an ac- 
curate digital number, the DSP 
processor must now do its job. 
This is where the user has an 
opportunity to take control of the 
processor and set up the param- 
eters as he/she wants. So what 
exactly can you, as a user, con- 
trol? Probably the most impor- 
tant adjustment is the frequency 
passband. This is done by setting 
the operating frequencies ofa low 
pass and a high pass filter. These 


filters (high pass at the low fre- 
quency end and low pass at the 
high frequency end) define the 
passband. The minimum 
passband depends on the mode in 
use and will generally be nar- 
rower on the CW settings than the 
voice modes. The actual band- 
width is for the user to decide and 
can be as low as desired, provided 
the signal can still be understood. 


COMMERCIAL 
MODELS 


THERE ARE A number of useful 
little switches on commercial 
DSPs. First is the auto-notch fil- 
ter. Most of us are familiar with 


r AID ; 
converter F 
(sampler) 


| Input signal coverted to 
J binary number E sa 


station you are listening to will 
vanish and all you will hear will 
be a few key clicks. 

There now follows an assort- 
ment of functions, and it really 
does depend on which model you 
buy as to which ones you get. 
® Random noise suppression 
(may cause slight distortion). 

@ Mains noise reduction. 

@ Noise reduction filters are in- 
cluded on some transceivers and 
a few DSP separates. The point of 
the NR filter is to reduce QRM on 
the operating frequency. These fil- 
ters should include bandpass filter 
for QRM rejection, low cut (high 
pass) filters for high frequency 
emphasis, mid cut (band stop) fil- 
ters for high and low frequency 
emphasis, and high cut (low pass) 
filters for low frequency empha- 


DSP 
Processor | 


Fig 2: Sampled input is converted into a stream of digital data for processing. 


the standard notch filter which is 
used to remove an interfering het- 
erodyne (whistle). This is a very 
handy function, especially on the 
40m and 80m bands which are 
plagued with ‘tuner-uppers’. One 
need only hear the dreaded het- 
erodyne, switch on the DSP auto- 
notch filter 


and, Hey 
Presto, no Low pass | 
filter q 

more hetero- | 

dyne. Tes 
Theoreti- 

cally the notch Analogue | 

filter could be to digital 

converter . 

used to remove a 

an infinite 

number of het- 


this would use up the whole 
passband and leave no signal from 
the wanted station. Another point 
worth remembering is that the 
notch doesn’t work on CW, or 
rather it does - too well. If en- 
gaged during a CW contact the 


sis. See Fig 4 for details. The point 
of all of these filters is to improve 
the intelligibility of the incoming 
signal in the presence of QRM. 
Like all things, filters are not 100% 
effective and they can make the 
incoming signal sound a little 


strange. 
Low pass 
filter 


Processor 


erodynes, but Fig 3: Block diagram of a DSP filter. 


With the parameters set by the 
user, the DSP microprocessor 
processes the incoming digital 
numbers that come from the sam- 
pler. This is possible only be- 
cause the data stream is a binary 
one (1s and 0s) and because each 
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The Two Peg Axial Gripper 


HE DISLIKE OF seeing 
fragile wire leads damaged 
by crocodile clips led me 
to design this simple device, 
which permits safe, easy and rapid 
testing of axially mounted com- 
ponents such as inductors, capaci- 
tors and resistors. The addition of 
a DPDT switch also enables di- 
odes to be tested at amazing speed. 
Two parallel wooden clothes 
pegs, mounted 18mm apart have 
accurately aligned conducting 
‘gums’, which hold between them 
the components to be tested. 
The method described below 
achieves their good dependable 
appositions. 


SANDWICHES 
FOUR TINNED (ie soldered) 
pieces of PCB 18mm x 18mm are 
needed. 

Gently file toremove any bumps 
in the solder. 
*8 Melander Close, York YO26 5RP. 


filter is in fact a set of instructions 
to the processor on what to do 
with the data stream. In reality the 
filters are mathematical 
operations executed on 
the data stream. Once all 
of the relevant process- 
ing is done, the data is 
sent to a Digital to Ana- 
logue converter, where it 
is output as an analogue 
signal for delivery to a 
speaker or headphones. 


ALTERNATIVE 
DSP 


YOU WILL probably 
have realised by now that 
the DSP processor is in 
fact a computer. It has a 
rather exclusive purpose 
but it uses and handles 
data just like any other 
computer. This opens a 
rather interesting possi- 
bility. Why don’t we use 
a home computer as the basis of a 
DSP system? 

In fact it is possible to use a PC 
as a DSP if your sound card has a 
microphone input and it is fitted 


user. 


By Ken Craven, GUKE” 


Stick a self adhesive label over 
each tinned surface and trim to 
size. 

Put paper glue (‘Pritt®’) on the 
paper side of each label. 

Make one ‘Sandwich’ by stick- 
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Fig 1: Remove the shaded portions 
from two clothes pegs. 


ing two such items, paper to paper, 
thus ensuring proper alignment. 
Repeat, making a second sand- 
wich. 
Two pairs of ‘gums’ will later 
be cut from these sandwiches. 


RIGHT HAND PEG 
DISASSEMBLE THE PEG and 
remove the shaded portions, as 
shown in Fig 1. Reassemble and 
press peg open. Apply epoxy ce- 
ment to the inner surfaces of both 
halves of peg, from the tip to the 
19mm limit. 

Position one sandwich in line 
with the front of the peg. The inner 
margin should notreach the 19mm 
limit, and with the ‘nipping’ end 
of this right hand peg facing you, 
the sandwich should extend 1mm 
to the left side of the peg. Close the 
peg tightly. Completely fill the 
gaps between each half of the peg 
and the sandwich with epoxy, 
avoiding all the edges of the sand- 
wich. 

Apply a large bulldog clip to 
the nipping end of the peg, to 


ensure that the sandwich stays ex- 
actly midway between both peg 
halves. Allow to set. 


THE GUMS 

WHEN THE EPOXY has set rock 
hard, separate the paper layers with 
a thin blade and open the peg, as 
shown in Fig 2. Disassemble the 
peg and mark the halves ‘right 
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Fig 2: Separate the ‘gums’ and 
dismantle the peg. 


top’ and ‘right bottom’. Clean and 
polish the tinned surfaces. 

In order to avoid the later sol- 
dering of wires disturbing the per- 
fect apposition of the gums, witha 
junior hacksaw remove shaded 


with a DSP chip. You will need 
software, some of which is avail- 
able as shareware. By using a 
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Band pass filter High pass filter 


Low pass filter 


Band stop filter 


Fig 4: The effect of various DSP filters. The cut-off 
frequencies can usually be set (programmed) by the 


computer you are not restricted to 
simple audio work. You will be 
able to investigate the incoming 
signal and produce various dis- 
plays of the spectral properties of 
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the signal under investigation. It 
should be mentioned that the guys 
on 136kHz use DSP (in fact FFT). 


POSSIBLE 
PROBLEMS 


THERE ARE SOME pos- 
sible problems with DSP. 
On certain types of input 
the processor outputs gar- 
bled audio. In my experi- 
ence this happens in about 
4% of contacts. Random 
noise filters can take some 
of the ‘body’ out of the 
recovered audio. In each 
case the cure is to switch 
off the filter. 


NOT THE FINAL 
SOLUTION 


IN THE FINAL analysis, 
the current generation of 
DSP equipment is not the 
final solution, although it 
does represent a vast im- 
provement in filter technology in 
that parameters can be set by the 
user who can tailor responses to 
his/her needs. The future holds 
the promise of faster processors 
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‘Waterfall’ display, produced by 
digitally processing areceived signal. 
In this instance the signal is displayed 
on a screen, rather than listened to. 
This is because the signal was, in 
fact, too weak to hear. It is of Morse 
transmitted very slowly on 136kHz. 


working at IF rather than AF. In 
fact one of the ‘big three’ has 
already released a transceiver with 
DSP working at IF and using 24- 
bit technology. 

The current generation of HF 
transceivers may be the last to use 
conventional crystal analogue fil- 
ters exclusively. In fact the time 
is coming when DSP filters will 
replace them. DSP will, in the 
end, even find its way into 
handheld equipment for VHF and 
UHF. Another stroke for the dig- 
ital world and a loss of the 
old ways. ¢ 
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Lower gum 


(b) 


Right lower peg 
top view 


Top gum 
(a) 
Right hand gums 


Imm holes 


Fig 3: Cut away the shaded portions from the printed circuit boards 


portions from the ‘top’ and ‘bot- 
tom’ gums (note that they are dif- 
ferent) and drill Imm holes as 
shown in Fig 3a. Postponing saw- 
ing and drilling to this stage ena- 
bles any inaccuracies to be cor- 
rected. Drill the lower peg half as 
shown in Fig 3b. 


LEFT HAND PEG 
PREPARATION IS similar to the 
right hand peg, except that they 
are mirror images of each other, 
the 1mm overhang now being on 
the right side of the left peg. See 
Fig 3c and Fig 3d for detail 


ENCLOSURE 
I USED a 75x50x25mm box. See 
Fig 4 for an overhead view of the 


drill four 3mm holes to correspond 
with the countersunk holes in both 
lower peg halves. 

Fix both lower peg halves to 
the lid with countersunk bolts, 
with solder tags on the inside of 
the lid on both middle bolts. 

Drill 1.5mm holes through the 
lid to admit wires directly below 
the foremost Imm holes in both 
lower gums. 

Reassemble both pegs. 


CASE 
In the front of the case, drill a hole 
centrally for a miniature DPDT 
switch, and install same. 

In the left hand side of the 
case, drill two holes for terminals 


(for star- 


Lower gum 


left hand gums 


C/S 3mm holes 


Left lower peg 
top view 


WIRING 
See Fig 4 and 
Fig 5 for an 
illustration of 
the following. 
Connect 
the top and 
bottom gums 
of the right 
hand peg with 
a loop of 
green wire 


board) and the 
top and bot- 
tom gums of 
the left hand 
peg with a 
loop of red 


Fig 5: Wiring inside the box. 


of your choice (used two 20mm- wire (for port). I followed this 
long bolts). The spacing between _ convention throughout. site switch contacts to solder tags. 
them is not critical. Connect the lower gums to sol- Connect the centre contacts of 
LID Instal the terminals, plus solder der tags, byrunning wires through the switch to the terminals. 

With the pegs spaced 18mmapart, _ tags if necessary. the 1.5mm holes in the lid. Finally, reassemble the case. # 


Connect the diagonally oppo- 
completed project. 
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The completed ‘two peg axial gripper’. Coloured labeis identify the 
polarity of the pegs to the terminals. 


Fig 4: Overhead view of the peg assemblies, carefully aligned. 
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CDown'Toran. 


What Do You Know? 


ith the next Novice 
RAE due in March, 
here’s some timely 
questions and advice for candi- 
dates. In the NRAE, just like the 
RAE, if you’re not sure how to 
answer a question it helps if you 
first eliminate any answers which 
you know to be wrong. This nar- 
rows down the field, improving 
your chances of getting the right 
answer. By the end of the real 
exam you should - for your own 
benefit - attempt every question, 
because you’re guaranteed not to 
get the right answer if you fail to 
select any of them. 
The answers will appear next 
month. 


NRAE QUESTIONS 


1. Referring to Fig 1, what will 
happen when S1 is turned on? 
a. The lamp will light. 

b. The lamp-will go out. 
c. The lamp will stay alight. 
d. The lamp will start to flash. 


Lamp 
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Fig 1: What will happen when S71 is 
turned on? (Question 1) 


by H5bE Staff 


3. In which part of the radio 
spectrum is the 3.5MHz 
amateur band? 

a. Low Frequency. 


7. What is the name of the 


on a wire before you solder it 
onto, say, as switch contact? 


b. High Frequency. a. Stripping. 

c. Very High Frequency. b. Cleaning. 

d. Ultra High Frequency. c. Insulating. 
d. Tinning. 


. In the International Q Codes, 
what does ‘QRP’ stand for? 
a. Close down. 


8. What kind of connector is 


normally used on a pair of 


b. Change frequency. headphones? 
c. High power. a. Jack plug. 
d. Low power. b. Crocodile clip. 
c. Coax plug. 
5. What kind of waveform is d. BNC. 


shown in Fig 2? 
a. Sine wave. 

b. Sawtooth wave. 
c. Square wave. 

d. Radio wave. 


ceieeee 


. What kind of transmitter is 
depicted in Fig 3? 
a. Amplitude modulated. 
b. Frequency modulated. 
c. Single sideband. 
d. Morse code. 


10. Approximately how many 
volts are produced by a 
single-cell non-rechargeable 


battery? 
©Rses RC2110 aale2? 
loyetlesy: 
Fig 2: What kind of waveform is this? 9 
(Question 5) c. 9. 
aus 


6. To which organisation do you 
apply for an amateur radio 


process of putting some solder 


11. How many volts are there in 
a kilovolt? 
auikens 
b. One hundred. 
c. One thousand. 
d. One million. 


Sooo 
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Fig 4: Name that circuit symbol! 
(Question 13) 


12. Which term describes the 
action of a capacitor? 
a. It allows DC current to 
pass. 
b. It prevents DC current from 
passing. 
c. It limits DC voltage. 
d. It allows current to pass in 
one direction only. 


13. What kind of electronic 
component is represented by 
the symbol in Fig 4? 

a. An inductor. 
b. A resistor. 
c. A fuse. 

d. An antenna. 


2. What number is represented license? us _ 
by red in the standard colour a. The RSGB. Font Ea 
code sequence? b. The Radiocommunications — | a | li | ampitier | 
a. 2. Agency. 
bas c. Subscription Services 
ey Limited. ©rses RC2112 
das: d. City and Guilds. Fig 3: What kind of transmitter is this? (Question 13) 
; ABBREVIATIONS AND SYMBOLS 
P 
7m 5 
e AF Audio Frequency HF High Frequency PC Personal Computer 
: ASTU Antenna System Tuning Unit IF Intermediate Frequency QRM_ Q code for man-made interference 
> cm Centimetre (one hundredth of a metre) kHz  Kilohertz - one thousand Hertz RAE Radio Amateurs Exam 
« CQ General call (‘seek you’) km kilometre RSGB Radio Society of Great Britain 
: CW Continuous Wave m metre SSB Single Sideband 
e dB decibel, one tenth of a Bel mm millimetre SWG_ Standard Wire Gauge - 
® DC. Direct Current MHz Megahertz - one million Hertz SWR_ Standing Wave Ratio 
; DPDT Double Pole Double Throw NR Noise Reduction VHF Very High Frequency 
e FM _ Frequency Modulation NRAE Novice Radio Amateurs Exam W Watt - the electrical unit of power 
& 
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Downes. 


An Introduction To Voltage 
Regulation 


by George Brown, B5¢. Pho Cong, Flat, GY * 


OTHING IS perfect; 
the AC mains, transform- 
ers, resistors, transistors, 


integrated circuits; we know how 
they ought to behave, but how 
they really behave can be rather 
different. 

The AC mains is not constant, 
particularly if you live out in the 
country and are served by several 
miles of overhead cable. Your 
next-door neighbour switches on 
her electric oven, and your lights 
dim! Transformers have losses in 
the resistance of their windings, 
and these losses vary depending 
on the load at any given time. 
Resistors produce a voltage drop 
whenacurrent flows through them. 
The current may cause a resistor to 
heat up unduly, change its resist- 
ance, and produce a different volt- 
age drop. Transistors are also sen- 
sitive to changes in temperature, 
and may cause major problems in 
a poorly-designed circuit. 

One problem is that the TTL 
family of integrated circuits re- 
quires a supply of 5.00 + 0.25V. 
Whatever happens in the rest of 
your equipment must not cause 
more than 0.25V variation of the 
5V supply. 


THE ZENER DIODE 


FOR VOLTAGES below about 
30V, the heart of almost all volt- 
age stabilisation (or regulation) 
circuits is the Zener diode. This is 
a discrete silicon device, which 
has the normal diode characteris- 
tic when forward biased (ie when 
the anode is positive with respect 
to the cathode); but when reverse- 
biased it passes negligible current 
up to a well-defined point, at which 
the current increases sharply. This 
is illustrated in Fig 1, which also 
shows the circuit symbol. 

The point at which the reverse 
current starts to flow can be closely 
controlled in manufacture between 
about 3V to 200V. If such a Zener 
*1 Langford Crescent, Benfleet, Essex SS7 3JP. 
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) 


Current 


Voltage 


Fig 1: The circuit symbol and characteristic of a typical 


Zener diode. 


diode is intentionally biased into 
this steep region, the voltage across 
the diode varies very little for large 
changes in current; the device is 
serving to stabilise (or regulate) 
the voltage across it. A typical 
circuit is shown in Fig 2. 
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Unstabilised 


input 


Stabilised 
output 
(to load) 


Fig 2: Asimple circuit that produces a 
stabilised output from an unstabilised 
input. 


The value of R is given by the 
equation: 


R = Vv Ae z he) 
IP 


out 


where V._ is the unstabilised in- 
put voltage, V., is the stabilised 
output voltage (the Zener voltage), 
and P is the Zener dissipation in 
Watts (see text). 

Zener diodes are specified by 
two parameters - the Zener voltage 
and the maximum power dissipa- 
tion of the device. For example, all 
Zener diodes of the types BZY88C 
and BZXS55C have 0.5W dissipa- 
tion, and are by far the commonest. 
A 15V Zener would be marked 
BZY88C15V; you are expected to 
know it is a 0.5W device! 


SEE-SAW 
ACTION 


A SEE-SAW IS a 
simplistic, but very 
useful analogy of 


Cathode 


Anode 

how the Zener 
- works in a circuit. 
RSGB RC2141 * 

In Figs 2s the 


current from the 
unstabilised supply 
has two paths - through R and Z to 


earth, or through R and the load 


connected across Z. Suppose we 
have chosen a 10V Zener of the 
BZY88C series. It is a 0.SW de- 
vice, therefore it will draw a cur- 
rent, I, given by: 


I=P=0.5 =0.050A(or 50mA) 


Vv 10 


Suppose no load is connected. 
All 50mA will go through the 
Zener, as there is no other route. 
Suppose the load now takes SmA; 
here the current see-saw comes in. 
With SmA going through the load, 
45mA now goes through the Zener. 
Ifthe load takes 10mA, then 40mA 
flows through the Zener. This 
keeps the total current constant 
(from the unstabilised supply); this 
helps to keep the voltages con- 
stant also. 

This see-saw action is not per- 
fect, particularly if the load takes 
more and more current. As the 
current through the Zener ap- 
proaches zero, the see-saw action 
fails and the stabilisation becomes 
inoperative. This circuit is simple 


Unstabilised 
input 


Fig 3: An improved circuit. 


and works well, provided the de- 
mands of the load are small, but it 
has one big disadvantage - your 
power supply must deliver the 
maximum current at all times, 
whether or not the load takes any. 
Notice in the example that the 
Zener takes 50mA when there is 
no load. Notice also that the 
unstabilised voltage must always 
be significantly greater than the 
stabilised voltage, because of the 
voltage drop across R. It is inad- 
visable to try to construct a 12V 
stabilised supply from a 13V 
unstabilised input! As the range 
of currents demanded by the load 
increases, so also should the dif- 
ference between, the supply volt- 
age and the regulated voltage. 


A REFERENCE 
VOLTAGE 


REMOVING THE NEED for the 
power supply to supply the maxi- 
mum power at all times can be 
achieved by keeping the current 
through the Zener constant. In this 
way it does not need to dissipate 
maximum power, and the regula- 
tion it provides is much better. It is 
used more as a reference voltage 
than as a type of voltage source. 
This idea is illustrated in Fig 3. 
The stabilised voltage is pro- 
duced at the base of the transistor, 
which acts as an emitter follower, 
producing about 0.6V less than 
the voltage across the Zener, but at 
a current limited only by the ca- 
pacity of the power supply and the 
characteristics ofthe series or pass 
transistor, TR1, which usually 


requires a heat sink. There is a > 


Stabilised 
output 
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The Art 


ANEL METERS come ina 
Piss of shapes and sizes 

but relatively few ranges. It 
would be impractical for a manu- 
facturer to produce a meter for 
every application. This is not a 
problem, however, as it is a simple 
matter to extend the range by con- 
necting a ‘shunt’ resistor across a 
meter. This is simply a resistor 
which carries a known proportion 
of the current, with the result that 
the meter/resistor combination will 
carry ahigher current for Full Scale 
Deflection(FSD) ofthe meter than 
would the meter alone. 


EXAMPLE 


A PARTICULAR meter (Fig 1a) 
has a resistance of 10Q and re- 
quires a current of | amp for FSD. 
If we connect a resistor of 10Q 
(the same as the meter) across it 
(Fig 1b), the current is now shared 
equally between meter and resis- 
tor, so 2 amps will have to flow for 
1 amp to pass through the meter, 
*232 Earlham Road, Norwich NR23RH. 


10 ohms 


(a) 


Of Shunting 


By bruce Edwards, 6AWCE* 


and the meter will now read 0-2 
amps, although a maximum of | 
amp actually passes through it. 
If the value of shunt is now 
halved to 5Q, 2 amps will bypass 
the meter when | amp passes 
through it. It will therefore read 3 
amps at FSD, as shown in Fig 2. 
From this it should be apparent 
that the current through the shunt 
(I ,,,..) 18 equal to the total current 


(I ,gp) OF: 
(1) be == iste rs 


From Fig 2 it can be deduced 
that: 


shunt meter 


I 
OM eae 8 


shunt 


where R,, ,, is the resistance of 
the shunt, and R__ is the resist- 


meter 


ance of the meter. 


10 ohms 
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Fig 2: A shunt of half the meter’s 
resistance will take twice as much 
current. 


By combining (1) and (2) we 
can arrive at a formula that al- 
lows us to calculate the value of 
shunt required to make a meter 
read any current that is larger 
than it’s FSD: 


(I total — Tsp) 
(I total is now the current that we 


©RSGB RC2162 


Series 
resistance 


Downie. 
Meters 


want the meter to read) 

In reality, the value of the shunt 
resistor is seldom a convenient 
‘off the shelf’ value; it is neces- 
sary to make up the value with a 
series/parallel combination. Al- 
ternatively, very low values of 
resistance can be ‘manufactured’ 
by using resistance wire such as 
28 SWG constantan, which is 
available from Maplin [1]. This 
has a resistance of 4.2Q per me- 
ter. It is best to cut the amount 
required plus about 3mm at each 
end for soldering, longer lengths 
will require a former. 


CHOOSING METERS 


IT IS A GREAT help if the ac- 
tual scale of the meter bears 
some resemblance to the quan- 
tity being measured. For in- 
stance, if you want to measure 
up to 50mA or 50 volts, then a 
50uA meter would be a good 


choice. 
5 


Series 


resistance ] 


=== 3] 
(c) 
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Fig 1: (a) Typical 1 amp meter might have an internal resistance of 10Q. (b) To 


Fig 3: (a) 500mA flowing through a 1Q resistor creates a voltage drop. (b) A 
meter with series resistance, used to measure voltage across the 1 Oresistor. 
(c) Using standard value resistors to provide a resistance that is acceptably 


make the meter read 2 amps FSD, it requires a 10Q ‘shunt’. 


shunt-stabilising version of this cir- 
cuit, but it is little used because of 
its inefficiency. 

To take this circuit to its logical 


Unstabilised 
input 


very sensitive comparison between 
the Zener voltage, V,, and the out- 
put voltage divided down by R2 
and R3. This allows the output volt- 


Stabilised 
output 
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Fig 4: Using an operational amplifier to improve the circuit. 


conclusion and produce a well-sta- 
bilised supply, the circuit of Fig 4 is 
common. This produces, by means 
of the integrated circuit Op Amp, a 


age to be greater than the Zener 
voltage and, depending upon the 
voltages and currents involved, can 
obviate the need for extra smooth- 
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close in value to the ideal series resistance. 


ing capacitors. Readers interested 
in refinements such as foldback 
current limiting and crowbar pro- 
tection are referred to [1] and [2]. 

Needless to say, integrated cir- 
cuits have been produced that pos- 
sess all the qualities (and some 
refinements, too) discussed so far, 
but for the lower output current 
ranges only. These are typified 
by fixed positive-voltage devices 
such as the LM78**CT series of 
1A regulators and their negative- 
voltage equivalent, the 
LM79**CT series. The LM338K 
is a 5A regulator for output 
voltages between 1.2V and 32V. 
The LM317T is a popular 1.5A 
variable regulator. 


HIGHER VOLTAGES 


WHEN STABILISATION is re- 
quired at high voltages, solid-state 
regulation gives way to the regula- 
tion afforded by ionised gases at 
very low pressures. The use ofneon 
and hydrogen discharge devices is 
beyond the scope of this article, but 
basic details may be found in [3]. 


REFERENCES 


[1] ARRL Handbook, 1998 edi- 
tion, p 11.15. 

[2] Radio Communication 
Handbook, RSGB, 6th edition, 
jo) BoIlS. 

[3] The Services’ Textbook of 
Radio, HMSO, Volume 3, 
1963, pp180 -198. 4 
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<q SENSITIVE METER, 
HIGH CURRENT 


IF, FOR INSTANCE, a 50uA me- 
ter is required to read 500mA, the 
value of shunt will be low and 
might well require a cumbersome 
combination of resistors. How- 
ever, if a slightly larger voltage 
drop can be tolerated, it may be 
better to use a low standard value 
resistor (eg 102) and measure the 
voltage across it. 

Using the values above, the volt- 
age across a 1Q resistor when 
500mA flows will be: 


V=IR=0.5x1=0:5V 


It is now necessary to arrange 
our 50uA meter to read 0.5 volts 
FSD. The resistance of a typical 
meter of this sensitivity might be 
4275Q. The required series resist- 
ance can be found using the for- 
mula: 


V 
Series R = —-R 


meter 
I 


0.5 
= — -4275 
0.00005 


= 72592 


Series 
resistance 


©RSGB RC2161 


Fig 4: Using a meter to measure 
voltage. 


Now 5725Q is not a standard 
value resistor, but 5700Q is easily 
obtained by placing 4700Q (4k7) 
in series with 1000Q (1k). The 
error will be the result of the toler- 
ances of the components, even 
with 1% tolerance; the missing 
25Q. being insignificant (a mere 
0.44% of series resistance). To 
illustrate this example, see 
Fig 3. 

One last point to remember - A 
shunt dissipates power, so it must 
be adequately rated. It is easy to 
find power by Ohm’s Law: 


P=PxR 


Using the values from the pre- 
vious example: 


Current (I) = 0.5A 

Resistance (Q) = 1 

Power =0.5* x 1 
= 0.25 watt 


This shows that a 0.25 watt re- 
sistor would be adequate. . . just. It 
would be better to play safe though. 
Personally I wouldn’t use any- 
thing less than a 1 watt resistor 
here, preferably more. 

That’s really all there is to it - 
those old meters in the junk box 
may have more uses than you 
thought. 


MEASURING 
VOLTAGE 


THIS IS referred to as ‘multiplica- 
tion’ rather than ‘shunting’, but is 
worth a quick mention. See Fig 4 
for the configuration. 

In order to measure voltage it is 
necessary to connect a resistor in 
series with the meter. Again, in 
order to calculate its value, we 
must first know the FSD current 
and resistance of the meter. 

The total resistance can be found 
by using Ohm’s Law: 


meter 


When measuring voltage, it is 
best to use a sensitive meter (eg 50 
or 100A FSD), as the circuit un- 
der test will be increasingly loaded 
by the current drawn. + 


What Do You Know? 


HERE’S ONLY enough 

room for a mini quiz this 
month. Hopefully those of 

you who are booked in for the 


May RAE will find the questions 
useful. 


RAE QUESTIONS 


1. Which of the following bands 
is allocated to radio amateurs 
on a secondary basis? 

a. 7.000 - 7.100MHz. 

b. 10.100 - 10.150MHz. 

c. 14.000 - 14.350MHz. 

d. 18.068 - 18.168MHz. 


2. Which type of oscillator is likely 
to produce the most stable out- 


154 


By RS6E Stat 


put? 

a. One which is based on a valve 
design. 

b. One which consumes a large 
current. 

c. One which incorporates a quartz 
crystal. 

d. One which uses the smallest 
number of components. 


. What are the variations in volt- 
age across the smoothing ca- 
pacitor ina power supply known 
as? 

a. Alternating current. 

b. Spurious oscillation. 


Ww 


c. Stabilisation. 
d. Ripple. 


4. Fig 1 shows the circuit of a 
simple 
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Fig 1: What is this? (Question 4) 


eee e @2ee?#?e8e#ses*# 
ABBREVIATIONS 
. AND SYMBOLS 
Ampere - the elec- 
trical unit of 
current (often 
shortened to Amp) 
Alternating Current 
Aircraft Communi- 
cations Addressing 
> and Reporting Sys- 
: tem 
« BR68 Amateur Radio 
e Licence Terms, 
Provisions and 
8 Limitations 
: Booklet (issued by 
4 the RA) 
Citizens Band 
milli Amp (1/1000 
® of an amp) 
: millimetre (1/1000 
of a metre) 
Novice Radio 
Amateurs Exam 
ght ohm - the unit of 
resistance 
Radiocommunica- 
8 tions Agency 
: Radio Frequency 
Radio Amateurs 
3 Exam 
Radio Society of 
Great Britain 
Slow Scan Televi- 
sion 
Standard Wire 
Gauge 
; Transistor Transis- 
@ tor Logic 
Micro Amp (one 
Pe millionth of an 
. amp) 
BN! Volt - the electrical 
3 unit of potential 
neh Watt - the electri- 
: cal unit of power 
eeeeee eo eeaeees ee F 
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a. Multimeter. 
b. Power meter. 
c. VSWR meter. 
d. Wavemeter. 


5. An oscilloscope is the most 
appropriate instrument to 
measure 

a. RF current. 

b.The frequency of an oscillator. 

c. The harmonics of a transmitter. 

d. Depth of amplitude modulation. 


Last month’s answers: 
lc; 2a; 3b; 4d; 5c; 6c; 7d; 8a; 9b; 
10b; lle; 12b; 13a. 
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Downitois. 
An Introduction to AGC 


By Peter Finbow, GODEH * 


the initials AGC tacked onto 
the front of a receiver. If you 
have looked closely at the con- 
trol you are likely to have seen 
that it has at least two positions. 
These are ‘slow’ and ‘fast’. Some 
receivers also have an ‘off’ posi- 
tion. A few of the more modern 
pieces of equipment also have an 
‘auto’ position. 
This article will explain what 
AGC is, why we use it, and a few 
tips on how to use it. 


WHAT IS AGC? 


AGC or Automatic Gain Control 
is a method of controlling the 
gain of the amplifiers in the IF/RF 
amplifier chain of a receiver. In 
some cases AGC is also applied 
to the audio stages. 

So why do we use AGC? If 
you think about the signal being 
input to the RF stages of a re- 
ceiver, it varies with time. This is 
due to changes in the propaga- 
tion conditions that the signal is 
subjected to, giving rise to the 
phenomena we call fading 


[« SURE WE have all seen 


the maximum output signal 
achievable within acceptable dis- 
tortion limits. The parameters 
change with different transistors, 
power supply voltages and bias- 
ing. Once these parameters (and 
others) have been decided upon, 
the amplifier will have a good 
distortion versus input signal 
amplitude. 

Ifthe situation arises (and it will) 
that the input signal rises above the 
level thatthe amplifier was designed 
for, the distortion level will rise. 
Eventually the signal will be so 
distorted that the output will be 
unusable. To prevent this, we 
apply feedback to the amplifier. 
You could look at AGC as a 
‘system’ feedback. 


HOW AGC WORKS 


IF YOU LOOK at Fig 1 you will 
see a block diagram of an AGC 
loop as often implemented in 
amateur equipment. It is impor- 
tant to remember that all of the 
stages are RF decoupled, to pre- 
vent interaction (the decoupling 
has not been shown for the sake 


threshold volts input is used to 
set the threshold (this is applied 
to the DC amplifier in Fig 1). 
After the threshold is exceeded, 
the audio output slowly rises. 
Normally this rise is about 5 to 
10dB. In most cases operators 
find that too little or too much 
gain is undesirable. 

Once the loop begins to work, 
the gain of the RF/IF strip is 
reduced to prevent distortion. This 
is done by the loop feeding back 
to the various amplifiers control- 
led by the AGC circuit. There is 
a point however when the system 
can’t handle any more signal. 
The result is distortion, but there 
is a way to stop this - perhaps. 

Asan option, some AGC loops 
delay the action on the RF stages 
of the receiver. This is so that the 
gain of this stage will not start to 
reduce before a larger signal ap- 
pears. This also improves the 
noise performance of the RF/IF 
strip. The normal way to do 
this is to use a diode, which 
means that there has to be an 
AGC signal greater than the 0.6V 


circuit i 
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Fig 1: Block diagram of an AGC loop, as often implemented in amateur equipment. 


(QSB). These variations may 
make the signal weaker or 
stronger. 

We are going to take a slight 
detour here and talk about ampli- 
- fiers for a few moments. When 
designing amplifiers we consider 


*6 Down Road, Teddington, Middx TW11 9HA. 
E-mail: g0deh@compuserve.com 


of clarity). The AGC amplifier 
provides enough loop gain (over- 
all gain in the AGC loop) to en- 
sure the AGC characteristic (Fig 
2) is achieved. 

The loop begins to work once 
a certain signal level (called the 
AGC threshold) is reached at the 
input to the AGC amp. The 
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drop across the diode before 
the RF amplifier is acted on by 
the loop. 

The ‘time constants’ (how fast 
the AGC loop works) are con- 
trolled by RC circuits. These can 
be set so that the ‘attack’ time is 
not too fast. The ‘hang’ time of 
the loop is normally controlled in 


the same way. If the RC cir- 
cuits have switchable values 
then the time constants of the 
whole loop can be varied. This 
allows the user to adjust AGC 
attack or decay times to suit con- 
ditions. 


PROBLEMS 


AGC LOOPS always work bet- 
ter with slowly changing signal 
levels. We do not have the ideal in 
communication, because CW and 
SSB are fast changing signals. 
This is not the problem it might 
seem to be. Most modern sys- 
tems operate well in amateur serv- 
ice. 

Narrow IF filters can cause a 
problem called ‘gulping’. If you 
have found this problem - and it is 
essentially a design problem - you 
will know why it is called gulping. 
For those who want to know, it is 
caused by group delay problems 
through a narrow IF filter. The 
problem gets worse with frequen- 
cies close to the band edge be- 
cause the phase delay is greater. 


HOW CAN AGC HELP 
You? 


IT MAY SEEM that the work- 
ings of the AGC loop and its 
surrounding circuitry is a bit eso- 
teric. Nothing could be further 
from the truth. AGC 1s a vital part 
of your receiver. In fact, without 
it you would probably have a 
much harder time on the bands. 
Here are a few ways in which 
I have found the control of the 
AGC loop useful: 
@ When searching a band, keep 
the AGC set to ‘fast’. This lets 
the receiver recover much faster, 
which means that you will be able 
to hear weaker stations that much 
earlier than having the AGC set 
to ‘slow’. 
@ When you have found a station 
that you want to listen to, set your 
AGC to ‘slow’. This will tend to 
even-out small fades and avoids 
AGC pumping. 
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imple Auto Keyer 


By Ron Troughton, GI5FP * 


ERE’S A SIMPLE idea 
for those who enjoy im- 
provisation and perhaps 


don’t want to bother with keyer 
ICs or computers. Make an audio 
tone recording of your CW key- 
ing and use it to make repetitive 
CQ calls when band conditions 
are marginal. 

Assuming that a discarded or 
unused cassette recorder is to 
hand this method is economi- 
cally effective compared to more 
expensive keyers, which still can- 
not easily reproduce your own 
exact keying characteristic (do 
remember though that this is a 
“warts and all’ situation, and your 
keying could serve to either en- 
courage or warn off potential con- 
tacts). To obtain the former, 
happy condition, make sure your 
call is easily readable and with- 
out any off-putting quirks. 


TAPE RECORDER 


CHOOSE A mains/battery type that 
can accommodate a small PCB or 
scrap of strip-board inside its battery 
compartment. Six to nine volt ver- 
sions are fine. 

As it is necessary to locate three 
connection points inside the machine, 
a word of caution is appropriate 
regarding the danger ofelectrocution 
while working with the covers off. A 
low voltage bench power supply or 
battery is highly recommended as 
a temporary power source for the 
machine while working on the 
innards! 


*4 Owletts, Crabbet Park, Pound Hill, Crawley, W 
Sussex RH10 7SQ. 


<4 @ Sometimes (especially in con- 


tests) there can be a problem with 
close-in stations breaking through 
into the passband of the receiver. 
This drives the AGC into operation, 
masking the weaker (wanted) sta- 
tion. In this case, try switching the 
AGC ‘off (if you can). Reduce the 
RF gain and you may well hear the 
weaker station. Inthis case the opera- 
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Fig 1: Basic layout. A keyed audio tone may be injected into the ‘mic’ or ‘aux’ 


socket of a cassette recorder. 


The general layout is shown in 
Fig 1 and the circuit diagram in 
Fig 2. 


DESCRIPTION 


THE AUDIO frequency keying, 
a tone at a nominal 1kHz, is rec- 
tified by D1, then filtered and 
integrated by R1, R2, Cl, and C2 
to provide a positive going DC 
voltage to the base of TR1, which 
switches on RLA1. These ‘clean’ 
contacts then key your transmit- 
ter. D2 prevents inductive volt- 
age spikes from damaging TR1, 
and C3 has a small additional 
integrating and filtering effect. 
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R1 R2 
680R 680R 


CONSTRUCTION 


I USED THE ‘ugly bug’ wiring 
method to mount all components 
on a small piece of scrap PCB 
which was then fitted inside what 
was the battery compartment. [4 
stripboard layout - Fig 3 - is 
included for those who prefer 
this construction method - Ed] 


COMMISSIONING 
APPLY A 6 volt supply to the 


circuit and, using your key and ~ 


AF oscillator at around 1kHz, 
check that the relay contacts are 
following your keying envelope. 
It might be useful to note the AF 


TBI 


Fig 2: The Simple Auto Keyer rectifies audio and uses itto drive atransistor which 


operates a relay. 


AGC 
threshold 


Fig 2: AGC characteristic curve. 


input level required to give satis- 
factory operation. 

Then fit the PCB [or stripboard] 
and RLA1 inside the cassette re- 
corder, ensuring that nothing can 
come into contact with any of the 
battery connectors. Leave a 
length of screened wire from D1 
and ground, ready to make a 
connection to the recorder’s loud- 
speaker output terminals. 

Having regard for the previ- 
ous safety recommendation, three 
points must now be located on 
the machine. 

(1) The common negative 
ground connection. 

(2) The main positive low volt- 
age supply rail. (6 to 9V). 

(3) The ‘live’ gide of the loud- 
speaker connection. 

Points 1 and 2 should be read- 
ily found by locating the largest 
electrolytic capacitor, which is 
most likely to be the internal PSU 
reservoir. 

Connect the inner of the 
screened cable from D1 to the 
loudspeaker ‘live’ connection, the 
screen itself to ground, then the 
positive supply to RLAI. 

Now double check for correct 
polarity! While making the loud- 
speaker connection, improvise a 
link or switch to silence the inter- 
nal speaker when keying is in 
progress if this facility is not pro- 
vided (some machines will do 
this if a dummy plug is inserted 
into an external LS socket). 


HINTS 


A FEW practical hints may be > 


Signal level 
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toris acting asasortofhuman AGC. 
@ Ifyou finda situation where the 
AGC is swamped (the needle hits 
the end stop), introduce some at- 
tenuation. You will find that the 
audio quality improves quite re- 
markably, indeed some people 
keep a little attenuation in all the 
time when using 40m or 80m - it 
works quiet well. 4 
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4 useful at this stage: 

@ | have tried making a short 
recording on a one minute end- 
less loop tape, as used in tel- 
ephone answering machines. 
These cassettes do not stand up to 
continuous running, so use any 
standard length cassette. 

@ [fan A to B dubbing machine 
is to hand only a short length of 
error-free keying is necessary, 
since each repeated transfer from 
A to B can double the length of 
the recorded message. 

@ When making recordings, use 
a fairly high frequency (say 
1kHz), and make connections via 
screened cables to avoid record- 
ing 50Hz onto the tape which 
would result in erratic keying. 
Remember that this simple cir- 
cuit has no tone filtering. On 
replay set the tone control for 
maximum treble, to also give 
some 50Hz rejection. 


OING ON THE AIR for 
the first time can beanerve 
racking experience. Al- 


most as nerve racking as taking an 
exam. 

If you’re about to sit down and 
tackle the RAE or NRAE, when 
you do so remember to read each 
question and a// four answers fully. 
Many people then like to read the 
question and answers asecond time, 
just to be sure they have not misin- 
terpreted what has been asked. If 
you know the answer to a question, 
good. Make the appropriate mark 
on the answer sheet. If you don’t 
know the answer, don’t spend too 
long thinking about it, leave the 


question and come back to it later. 
& 
e AF Audio Frequency 
--CcQ General call (‘seek you’) 
e CW Continuous Wave 
dB decibel, one tenth of a Bel 
DC Direct Current 
HQ Headquarters 
Hz Hertz 


kHz 


®@ee8se8e¢eesee ee 
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IF Intermediate Frequency 
Kilohertz - one thousand Hertz 


To cassette recorder 
6V-9V supply 
(via RLA1/C3) 
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Fig 3: Stripboard layout for the Simple Auto Keyer. The under side of the board 
is not shown, as no copper removal is required. 


@ Ifa microphone/mixer con- 
trol is fitted, set this for mini- 
mum mix to avoid microphone 
sounds getting onto the tape. 

@ REF fields inside the shack 
are best avoided, but we don’t 


live in a perfect world. In worse 
case conditions an unscreened/ 
unfiltered recorder will rectify 
very strong RF voltages and gross 
keying instability will occur. 

®@ Most recorders have an AGC 


by RSGB Stat 


NRAE QUESTIONS 

1. In the International Q Codes, 
what does ‘QRM’ stand for? 

a. Low Power. 

b. Interference. 

c. Fading. 

d. Low power. 


2. What item of equipment is used 
to adjust an antenna, so that it 
matches to a transmitter? 


3. How many microfarads are 
there in a Farad? 

ens 

One hundred. 

One thousand. 

One million. 


4. Which of the following would 
you adjust to alter the pitch of 
a received Morse code sig- 
nal? 


a. A multimeter. a. The BFO. 
b. An SWR meter. b. The RF gain. 
c. A wavemeter. c. The AF gain. 
d. An ATU. d. The power supply voltage. 
ABBREVIATIONS 
AND SYMBOLS os 


LS Loudspeaker 


NRAE Novice Radio Amateurs Exam 
PCB Printed Circuit Board 


PSU _ Power Supply 
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QTH Qcode for location 


system for controlling the record 
level so, assuming that the mini- 
mum input required is applied, 
there is no adjustment. On re- 
play, the volume control must be 
set high enough to operate your 
keying relay. Set it to maximum 
if necessary, as the circuit is not 
likely to be overdriven. e 


COMPONENTS 


Resistors, all % watt 

R1, R2 680R 

R3 2k7 

Capacitors (all 16V, tantalum 
bead ifavailable) 

Cl 0.47uF 


C2 22uF 
C3 6n8 
Semiconductors 


TRI  2N2218 (or similar) 
D1 D2 IN4007 (or similar) 
Miscellaneous 

TB1  2-way terminal block 
RLA 5V model 


hat Do You Know? 


5. Which of the following fre- 
quency bands does a Novice 
B licence entitle the holder 
to transmit on? 

. 1.8MHz. 

. 14MHz. 

. 144MHz. 

. 432MHz. 


[an (ey) Mop tt) 


— 


. Which of these materials is a 
good conductor of electricity? 

. Glass. 

. Gold. 

. Rubber. 

. Nylon. 


aoa f 


Last month’s answers: 1b; 2c; 
3d; 4c; Sd 


RAE Radio Amateurs Exam 
Resistance-Capacitance 
Radio Frequency 


RLO_ RSGB Liaison Officer 
RSGB Radio Society of Great Britain 


SSB 


SASE Self Addressed Stamped Envelope 
Single Sideband : 


uF Microfarad 


Vv Volt = 
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Down Toe. 


An Introduction To Gamma 
Matching 


By Peter Buchan, GUMR * 


ANY LONG and Me- 
dium Wave broadcast 
stations use vertical, 


ground mounted aerials, the base of 
the aerial being well bonded toa large 
earth mat extending outward for 
many metres. Energy is ‘shunt fed’ 
to the vertical portion of the aerial 
through a transmission line, one 
conductor of which is connected to 
the base of the aerial and the other 
tapped up the aerial until a gdod 
match to the transmission line is 
obtained (Fig 1a). This method of 
feeding energy to the aerial is satis- 
factory, but an improvementis seen 
if the transmission line is dropped 
vertically from the tap at a constant 
distance from the aerial (Fig 1b). The 
distance at which the vertical portion 
of the transmission line is held from 
the aerial is dependent on the di- 
ameter of the aerial and of the 
transmission line conductor. In 
practice, a rigid tubular conductor 
would be used to form the vertical 
portion of the transmission line 
*79 Cavendish Avenue, Cambridge CBI 7UR. 


Vertical broadcast 


ao antenna 


Tapping point 


XXKRYXX 


Feeder 


XQ 


Earth mat 


PQOOO 


(| 


Seca 


Feeder bonded 


and held in place with stand off 
insulators (Fig 1c). 

With the rigid conductor well 
shorted to the aerial at the tapping 
point, and moving vertically down- 
ward, this looks like a section of 
transmission line itself (Fig 2). Since 
this will be less than a quarter wave 
in length, the open end atthe bottom 
will look inductive [1]. Providing the 
rigid vertical conductor has been 
chosen with due consideration to the 
diameter of the vertical aerial, a sat- 
isfactory match is produced. How- 
ever, a further refinementis made by 
inserting a series capacitor between 
the end of the transmission line and 
the bottom of the rigid conductor 
(Fig3). This capacitor serves to ‘tune 


POQOOOOOOOODQ ODL LELXKX 


Feeder run 
down parallel 
to antenna 


POQDOO? 


X2 


Feeder to 


Earth mat Tx/Rx 


POO 


( 


to base of antenna 


out’ the inductance along the rigid 
conductor and the vertical aerial, 
making thesystemresonantandhence 
offering a resistive load to the trans- 
mission line. The transmission line 
formed by the vertical aerial and the 
rigid conductor, plus the capaci- 
tor, are together known as a 
‘Gamma Match’. 

The rigid conductor is known as 
the ‘Gamma Rod’ and the capacitor, 
the “Gamma Capacitor’. The Gamma 
Match can be thought ofas one half 
ofa ‘T’ Match (Fig 4), and it is here 
that we can think of balanced sys- 
tems and unbalanced systems. 

The vertical broadcast aerial is an 
inherently unbalanced system, as are 
the quarter wave verticals weuse for 
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Fig 1: (a) A large aerial mast used for LF or MF Broadcasting. Note that the transmission line has been taken away from 
the tapping atan angle. This method mirrors the balanced ‘Delta’ type of match. (b) The feeder has now been taken vertically 
down and parallel to the mast. (c) A rigid length of transmission line has been installed and held Parallel to the mast by 


stand-offinsulators. 
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transmitting. Ifthe aerial is indeed a 
quarter wave in length the feed im- 
pedance will be in the region of 35Q. 
(neglecting the losses), giving a 1.43 
to 1 mismatch toa50Q coaxial cable, 
ora VSWR of 1.43. Nota disastrous 
ratio, butnevertheless returning 18% 
of the energy in the forward wave. 
By earthing/grounding the base and 
tapping up the vertical radiator, a 
point will be reached where the feed 
impedance is higher. By calculating 
the correct length and diameter ofa 
Gamma Rod and Gamma Capacitor 
a very good match may be made 
to 50Q coax. 


BEAMS 


CONSIDERING the ‘T’ Match and 
balanced systems, we can turn to 
rotary beams, especially those made 
of tubing or ‘plumbers delight’ con- 
struction (Fig 5). A rotary dipole will 
have a feed impedance between 15 
and 75Q [2], d@pending on the 
height above ground in terms of 
wavelength. When extra elements 
are added, the feed impedance of the 
driven element or dipole falls [3]. 
Some constructors of beams fold the 
driven element, taking note of the 
diameter of the upper and lower 
conductors. Hence the feed imped- 
ance of the driven element - on its 
own - rises. On adding the other 
elements the feed impedance will fall 
again. Providing the correct diameter 
conductors have been chosen, a good 
match may be obtained to a popular 
transmission line. 

However, fora plumbers delight 
constructed beam where the driven 
elementis bolted directly to the metal 
boom, itismuch more convenient to 
considera T match orGamma match. 

It should be noted that although 
the Gamma Match provides a satis- 
factory match ofan aerial to a trans- 
mission line, it does not eliminate 
aerial currents forming on the trans- 
mission line. 


TMATCHING 


A ‘T’ MATCH (Fig 6) is used for 
abalanced transmission line. Nowa- 
days, coax is the preferred choice 
for a transmission line, therefore 
the Gamma Match is the one to use 
(Fig 7). As already pointed out, 
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the driven element is bolted directly 
to the metal boom. To all intents and 
purposes the feed point is grounded/ 
earthed/shorted to the boom. Hence 
this can be our starting point. 

Constructing a Gamma Rod of 
the correct dimensions and choos- 
ing a suitable capacitor, the coax 
braiding is secured to the centre 
point of the driven element and the 
innerconnected to end ofthe Gamma 
rod. The aerial may now be matched 
to the transmission line. 


RULES OF THUMB 

THE DIMENSIONS for a Gamma 
Match system may be obtained in 
the following way (for the 14MHz 
band): 

(1) Assume the driven element is 
resonant. The length of the Gamma 
Rod should be 0.04 to 0.05A (where 
A is the wavelength in use). 

(2) The diameter of the Gamma 
Rod should be 0.33 to 0.5 that of the 
driven element. 

(3) Thecentreto centre spacing of 
the driven element and the Gamma 
Rod should be 0.007A (Note, for 
example, that 14.15MHz is 21.2 
metres, not 20 metres!). 

(4) For more information, see [4]. 


REFERENCES 


[1] The ARRL Antenna Handbook, 
14th edition, 3rd printing (1984), 
pages 3-15. 

[2] The ARRL Handbook, 75thedition 
(1997), pages 20-22. 

[3] Beam Antenna Handbook, William 
Orr, W6SAI, Ist edition, page 51. 
[4] ‘An Examination of the 
Gamma Match’. D Healey, W3PG. 
OST, April 1969. + 
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Fig 6: Showing how a ‘plumbers delight’ beam may make use of a 'T' match. 
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Fig 2: A section of mast, including the Gamma matching 
section in more detail. The shorting strap is shown atthe top 
of the rigid vertical transmission line. 
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Fig 4: Howthe Gamma matchis one half 
of a ‘T’ match. 
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Fig 3: At the bottom of this Gamma match a capacitor has 
been added inseries, which serves to cancel outthe inherent 
inductive nature of the vertical transmission line. 


All elements connected 
directly to the boom and 
to each other electrically 
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Driven element 
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Fig 5: A three element ‘plumbers delight’ rotary beam. 
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driven element 
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Fig 7: The Gammamatch connected to an unbroken driven element. Theshorting 
strap may be adjusted during matching. . 


ABBREVIATIONS AND SYMBOLS 


MF 
MHz 


Medium Frequency 
Megahertz - one million 
Hertz 

Q Ohm - the unit of resistance 
QSL Acard sent to confirm a 


QST 
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radio contact 

Q code for ‘time’ (also the 
name of the ARRL house 
magazine) 

RAE Radio Amateurs Exam 


RSGB Radio Society of Great 
Britain 

UHF Ultra High Frequency 

UK — United Kingdom 

VHF Very High Frequency 

VSWR Voltage Standing Wave Ratio 
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Downtiia. 


‘Dual Voltage Supply 
From A Single Battery 


ANY PROJECTS re- 

quire a positive and a 

negative supply volt- 
age, which can of course be pro- 
vided by using two batteries or a 
dual power supply. A neater (and 
cheaper!) method however is to 
generate both voltages froma sin- 
gle battery. One way of doing this 
is touse a simple voltage divider of 
two resistors but unfortunately this 
method is only really satisfactory 
if the circuit doesn’t consume any 
significant current. An example of 
this would be a voltage reference. 
The reason for this limitation is 
that a current of a much greater 
value (arule-of-thumb value would 
be about ten times greater) than the 
maximum expected load current 
needs to flow through the resistor 


10V ima 


A load requiring 10mA 
at 5V has an effective 
resistance of 500R 


(b) 


Fig 1: The effect of aload ona voltage 
divider. (a) A voltage divider of 5k 
resistors adequately provides V+ and 
V- of + 5V when there is no load, but 
if an effective load of 5009 is 
connected across the upper resistor it 
effectively becomes 5k in parallel 
with 500Q, ie around 450Q, and V+ 
drops toless than 0.5V. (b) Iften times 
the required load currentflows through 
the potential divider, ie the load 
presents 5000 in parallel with 50Q, 
the upper resistor is equivalent to 
about 45Q and the loading effect is 
not so great. Even so, V+ will drop to 
around 4.5V. 


*58 Murray Road, Sheffied, S Yorks S11 7GG. 
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By Saud Clark © 


Fig 2: Circuit of the dual voltage supply. 


chain all the time, to prevent the 
load affecting the operation of the 
divider circuit. Fig 1 illustrates this 
principle. 

This is a very inefficient system 
which wastes battery energy and 
of course shortens its life, and also 
needs resistors capable of dissi- 
pating the significant heat gener- 
ated by the wasted power. If the 
circuit presents any significant 
current drain, for example to drive 
a LED or an audio amplifier, then 
the supply voltage will drop sig- 
nificantly in one or both supply 
rails. 


EFFECTIVE 
SOLUTION 


AN EFFECTIVE solution to this 
problem is to use the resistor di- 
vider to generate a reference volt- 
age at half the battery supply volt- 
age and use an operational ampli- 
fier (op-amp) connected as a volt- 
age follower, to provide the re- 
quired load current at this voltage. 
By using the output of this op- 
amp as the voltage against which 
all other voltages are referenced, 
ie OV, a plus and minus, or bipo- 
lar, voltage supply each of half the 
value of the battery supply volt- 
age is available for powering other 
devices in the circuit. The current 
taken from the battery using this 
method is effectively only that 
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required by the load- 
ing circuit, ie it is 
much more efficient. 
A circuit diagram 
of this application is 
shown in Fig 2. 


CIRCUIT 
DESCRIPTION 


AN OP-AMP con- 
nected this way is 
using 100% nega- 
tive feedback, which means that 
all of the output voltage is fed 
back to the ‘-’ input. This gives a 
voltage gain of one, and means 
that the output voltage is always 
the same as the input voltage 
(hence the name voltage fol- 


O-4:5V 


- lower). However, although it is 


called a voltage follower it is 
actually a current controlled de- 
vice. A change in voltage at the 
op-amp output caused by a 
change in load current also ap- 
pears at its input due to the feed- 
back. This causes the op-amp to 
change its output current in such 
a way as to counteract the volt- 
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age change on the output, and 
keep it fixed at the reference volt- 
age. This change occurs effec- 
tively instantaneously and means 
the circuit responds to all changes 
in load current demand while at 
the same time keeping the supply 
voltages fixed. 


VALUES 


THE COMPONENT values are 
not critical, and simple rules-of- 
thumb are sufficient for choosing 
values. The main thing to con- 
sider is the load current required, 
which must be within the specifi- 
cation of the op-amp. For exam- 
ple, a typical use of this circuit 
would be for powering an LM324 
quad op-amp. his device will 
comfortably, supply up to 20mA, 
which should be sufficient for most 
low power applications. 

The voltage divider resistors 
should carry around ten times the 
input current for the op-amp, which 
is in the order of microamps, so 
any value between 10k and 100k 
will be fine. They do not need a 
greater power rating than that usu- 
ally found in low power circuits, 
so a 0.4W rating is more than 
sufficient. The accuracy of the 
resistor values determines how 
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Red links shown for unused 
op-amps - see text 


Fig 3: How to lay out the dual voltage supply on stripboard. 
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closely the values of the plus and 
minus supply rails match, ie how 
close the reference voltage is to 
exactly half of the battery voltage. 
1% tolerance is certainly adequate. 

The capacitors are smoothing 
capacitors, so again values are not 
critical - a 10mA output at 4.5V 
indicates a load equivalent to about 
500Q. The effectiveness of a 
smoothing capacitor is primarily 


determined by the time constant C 
x R, in this case 10uF x 500Q = 
Sms, which corresponds to a fre- 
quency of 200Hz (frequency 
equals one divided by the time 
constant in seconds). The time 
constant should be long compared 
to that at the lowest frequency of 
operation, a good rule-of-thumb 
being ten times longer. The appli- 
cation is the deciding factor here; 
the above value is 
fine for oscillators 
or other applica- 
tions operating 
above 2kHz, but 
for lower frequen- 
cies the value could 
be increased to 
LOOM onmevien 
1000uF without 
much increase in 
the physical size of 
the components. In 
any case this would 
only be close to 
operating limits if 
the maximum cur- 
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Fig 4: Orientation and internal layout of the LM324 quad 


Op Amp integrated circuit. 


rent was being 
drawn continu- 


ously. The voltage rating for the 
capacitors should naturally be 
higher than the output voltage. 


STRIPBOARD 
LAYOUT 


THE CIRCUIT COULD be built 
as a ‘stand-alone’ project if re- 
quired and used with different 
projects as needed. The compo- 
nent count is so low however, that 
it’s probably just as easy to build 
the power supply as part of a 
larger project. 

The stripboard layout is shown 
for an LM324 quad op-amp, one 
quarter of which generates the 
plus, zero and minus supply rails 
which run along the full length of 
the stripboard for easy linking to 
other components. The other three 
are available. for use in the circuit 
of which it is part, but if these are 
not used it is good practice to tie 
the output to the negative input, 
and the ‘+’ input to OV. This re- 
duces the possibility of any un- 
foreseen behaviour of the op-amps 
such as latching or self oscillation, 
which may increase current con- 
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sumption or have other unpredict- 
able and undesirable effects. These 
extra links are shown in red in the 
stripboard layout, Fig 3. 


CONSTRUCTION 


CONSTRUCTION IS straight- 
forward, the only things to watch 
out for being the correct orienta- 
tion of the integrated circuit (check 
for the position of pin 1 - see Fig 
4), and the correct polarity ofthe 
electrolytic capacitors (see the 
markings on the capacitor 
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casing). + 
COMPONENTS 

Resistors - 0.4W, 1% 

R,1R2 20k 
Capacitors - electrolytic, volt- 
age rating to exceed the supply 
voltage 

CHIC? 10p:F (see text) 
Semiconductors 

ICl LM324 

quad op-amp 

Miscellaneous 

Stripboard 

Battery clip 
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Down{toes. 
~ An Introduction to 
Rectification 


By Man Betts, GOH 


‘¢ SHE MAINS POWER de- 
livered to the home is 
230V alternating cur- 

rent. It is AC because that al- 
lows the generating and distri- 
bution to be performed at the 
most efficient voltage and then 
stepped-down for domestic use 
by means of a transformer. We 
also will need a transformer to 
step the 230V down to, say, 
12V for a power supply. 

This AC must then be recti- 
fied to provide DC for the ra- 
dio. This is done using a diode, 
which is a device which allows 
current to pass through it in 
one direction but not the other. 
Often four diodes are used to 
form a ‘bridge rectifier’. The 
photograph opposite shows two 
diodes of different construc- 
tion and a bridge rectifier as a 
single device. 


SIMPLE RECTIFIER 
CIRCUIT 


A SIMPLE transformer, diode 
and smoothing capacitor cir- 
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Secondary 
voltage 


the nice, smooth, constant sup- 
ply that is obtained from a bat- 
tery, and the radio would not 
work properly. In fact it would 
hum very loudly and may well 
be damaged. 


ADD SOME 
SMOOTHING 


IF WE NOW close switch S1, the 
capacitor C is connected across 
the supply to the radio. Now, on 
the positive half cycles, the ca- 
pacitor will charge up almost to 
the peak voltage of the AC sup- 
ply from the transformer’s sec- 
ondary. After the first quarter 
cycle, the voltage from the trans- 
former will fall below the charge 
voltage on the capacitor. The 


Voltage across R 


(with S1 closed) 


e Voltage across 
resistor R 
(with S1 open) 


Fig 1: Circuit diagram of a half-wave rectifier. : 


cuit is shown in Fig 1. The load 
is represented by the resistor R. 
In reality the load might be a 
radio. If it requires 12V and 
draws half an amp, this is 
equivalent to a 24Q resistor. 

When the top of the transformer 
secondary goes positive (the posi- 
tive half cycle of the AC), the 
diode is ‘forward biased’ and al- 
lows current to flow. A half cycle 
of current flows through the load 
resistor. 

When the top of the trans- 
former goes negative (the nega- 
tive half cycle), the diode is ‘re- 
verse biased’ and no current 
flows. The supply to the radio 
consists of positive pulses of cur- 
rent and voltage. This is still not 
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voltage on the cathode end of 
the diode will be more positive 
than the anode; the diode will be 
reverse biased and will not con- 
duct. The capacitor will remain 
charged and will not discharge 
back through the diode. It will 
however discharge through the 
load resistor, so its voltage will 
slowly fall. On the next positive 
half cycle the capacitor will be 
charged back up to the peak 
voltage. 

The voltage supplied to the 
radio (load resistor) is now rea- 
sonably constant. Our radio 
would work, but the ‘ripple’ in 
the supply voltage may still cause 
a hum loud enough to be objec- 
tionable, but it would not be as 


loud as before. The size of the 
ripple depends on how much the 
capacitor voltage falls during the 
short time between one positive 
half cycle and the next. In fact, 
because the capacitor will only 
be topped up when the voltage 
from the transformer and diode is 
greater than the voltage on the 
capacitor, the time between 
charges is almost the time for a 
complete AC cycle. That is 1/50 
second, or 0.02s. 


RIPPLE VOLTAGE 


THERE ARE THREE ways of 
reducing the ripple in the supply 
voltage to a reasonable level. 

1) Top up the capacitor twice as 
often. This will approximately 


_ halve the voltage drop between 


successive cycles. 

2) Use a bigger capacitor, so that 
the voltage drop is reduced. 

3) Use electronic regulation. This 
was introduced in the March 1999 
RadCom. 


FULL WAVE 
RECTIFICATION 


UP TO NOW only the positive 
half cycles have been used in 
supplying current to the load. 
Since only half of the wave- 
form has been used the circuit 
is known as a ‘half wave recti- 
fier’. What we now want to do 
is to find a way of using the 
negative half cycles as well - a 
full wave rectifier. Fig 2 shows 
such a circuit, which is also 
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known as a ‘bridge rectifier’. 
The four diodes can be made 
into a single component, as can 
be seen in the photo. 

Consider what happens when 
the top of the transformer second- 
ary is positive. Current will flow 
out of the secondary, through D1, 
through the load and back to the 
bottom of the secondary winding 
via D3. 

Now consider halfa cycle later, 
when the bottom of the secondary 
winding is positive. Current will 
flow through D2, through the load 
and back to the transformer via D4. 

The important thing to notice is 
that the current flows through the 
load in the same direction each 
time. The negative half cycles have 
been steered to become like posi- 
tive half cycles. 

The capacitor C performs ex- 
actly the same function as before, 
but is now topped up twice as 
often. The timé*between charges 
has been halved, and so has the 
ripple voltage. 


CHOOSING A 
SUITABLE 
CAPACITOR 


IF THE MAINS power was 
switched off while the radio was 
turned on, then the top up charges 
into the capacitor would cease. It 
would continue to discharge until 
it was ‘flat’. If the voltage contin- 
ued to fall at the same rate then it 
would reduce to zero after a time set 
by the capacitance of the capacitor 
C and the resistance of the load R. 

The formula is t= C x R, where 
C is in Farads, R in Ohms and t in 
seconds. 

For our radio, resistance 24Q, if 
the capacitor was 20,000uF then 
the time would be: 


t= 20,000 x 10° x 24 =0.48s 


D1 and D3 
conducts 


D2 and D4 Di and D3 
conducts conducts 


Fig 2: Circuit diagram a full-wave rectifier. yo 
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Forahalf wave rectifier working 
at 50Hz, 0.48s is the time for 24 top- 
ups; for the full wave circuit 48 top- 
ups. So, with a half wave rectifier 
circuit, the voltage will have fallen by 
about 1/24 ofits peak value before it 
isre-charged. Fora 12V supply that 
is 0.SV. The drop of the full wave 
circuit will be 0.25V. 


TOO BIGA 
CAPACITOR 


THE CHARGE IN the capacitor is 
only topped up when the voltage 
from the transformer exceeds the 
capacitor’s voltage. If a very large 
capacitor is used, the capacitor 
voltage drop will be small and the 
time during which it is being 
topped up will only be a very 
small fraction of a cycle. For a 
0.25 volt ripple in a 12V supply, 
this time is about 6.5% of the 
cycle. During this time enough 
charge must be stored to run the 
radio for the entire cycle. Since the 
average discharge current is 0-5A, 
then during the charges the cur- 
rent must be 7-7A. The diode(s) 
must be able to cope with these 
surges and a capacitor designed 
for smoothing circuits with a high 
‘ripple current’ rating must be used. 


An analogy may be useful to 
explain this effect. Regard the ca- 
pacitor as a water butt, continu- 
ously watering the plants ina green- 
house. The water is draining out 
slowly at the water equivalent of 
0-5A, say 0.5 litre/hour, and the 
level (voltage) is slowly falling. 
Every evening it rains. The rain 
lasts 1 hour 34 minutes, which, 
conveniently, is 65% of the day. 
The question is, what is the rate of 
rainfall such that the water butt is 
just topped up? The answer is that 
it must be: 

1/0-:065 x 0-5 litres/hour 


Rectifier diodes anda bridge rectifier. 


= 7-7 litres/hour 


This analogy can be taken fur- 
ther. A small water butt would see 
its level change markedly over the 
day. Indeed, if it were too small, it 
may even run out. A large butt 
would maintain a much more con- 
stant level. 


EFFECT OF A LARGE 
CHARGING 
CURRENT 


APART FROM THE need for 
the diodes and capacitor to han- 
dle these large pulses of cur- 


Downiiaa. 


rent, we must also consider the 
transformer. Part of the heating 
effect in the transformer is the 
current flowing in the resist- 
ance of its windings. This is 
given by I*r (where r is the 
resistance of the copper wind- 
ing). 

This I? bit is a problem. Dur- 
ing charging the current is 7-7A, 
over 15 times greater than the 
average current drawn by the 
radio. The power dissipation will 
be about 237 times greater, but 
only for 6-5% of the time, giv- 
ing an average increase of some 
15 times. This is only a part of 
the total heating effect in the 
transformer, but it is necessary 
to de-rate the transformer to pre- 
vent overheating. Typically a 
de-rating factor of 0.6 is used, 
so for 500mA the transformer 
must be rated at 833mA. This 
de-rating factor is for the full- 
wave rectifier; for a single diode 
half-wave rectifier the de-rating 
factor is 0.28, so for 5S00mA DC 
the transformer must actually 
be rated at 1.8 amps, a good 
reason for not using half-wave 
rectifiers! + 
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Downes. 
Reaching Great Heights 
In Amateur Radio 


F YOU WERE to ask a radio 
amateur one thing that he 
would like to own to enhance 
his radio station there is a good 
possibility it would be a tower. 
A radio mast or tower has to 
be one of the most beautiful 
‘works of art’ an amateur radio 
enthusiast will encounter in their 
trail for the best DX. 
Many people think that to have 
a tower at the bottom of the garden 
costs a lot of money and that they 
could never have it because they 
live in a housing scheme rather 
thana house stuck out in the middle 
of nowhere. This is not entirely 
true, but what is true is thatin some 
situations it can restrict the opera- 
tor in what he can install. 


CONSIDERATIONS 


ONE OF THE MOST important 
things to consider before buying a 
tower is to find out if you have the 
room for one. Secondly, will you 
get planning permission? 

Study your plot of ground care- 
fully and consider some of the 
following points: 


@ What type of tower could you 
consider? A 60ft telescopic 
tower with a base plate will 
require a minimum hole of Sft 
long by 5ft wide, several feet 
deep, and this might have to 
be increased depending on 
the surrounding ground type. 

@® How high do you need your 
antennas to be? 

® Arethere any electricity wires 
or transformers nearby? 

@® Howcan youinstall yourtower 
to keep it from standing out 
from the skyline? 

@ How far away from the house 
do youneed to have the tower? 
For example, for VHF you 
would want to keep the feeder 
length as shortas possible, and 
that may reflect the position- 
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ing. 

@ How will you get the feeder 
from your aerials down the 
tower and into the house? You 
want to try and get the cables 
dropping vertically and then 
fed near ground level. 

@ How will you earth the tower, 
to protect it from the elements? 


Take time to try and answer 
these questions, as it will help you 
save time and_effort later. 


PERMISSION 


THERE IS NO point going through 
the pains of installing a tower 
only to receive a knock at the 
door by a member of your local 
authority, informing you that you 


can’t have it in that position and ~ 


that you have to take it down. 

I have found that people work- 
ing in the planning department are 
keen to help. In many cases how- 
ever they fail to see what you really 
want, because they have no knowl- 
edge of the hobby and think you 
want to erect a tower the size of 


an electric pylon. Alternatively, 
they have visions of huge an- 
tenna farms that will cast shad- 
ows over neighbouring houses. 

It is a good idea to phone the 
department and ask to meet some- 
one from the planning division, so 
that you can put your case face 
to face, seeking advice for any 
future application. Take along 
photographs or a brochure of 
the tower you wish to install, 
showing the dimensions. Also 
show them pictures or photo- 
graphs of the antenna or anten- 
nas that you wish to place on the 
tower, stating the size and turn- 
ing radius. Draw an aerial view 
of your property, showing the 
location you would like to place 
your tower, indicating the turn- 
ing radius on the plan. 

It would be sensible to try and 
find out how your neighbours 
would react to you erecting a 
tower in your garden, and try 
and assure them that it should 
not affect them. 

With this information, you 


The hole filled with rain water before the base could be cast. 


should help to give a clear pic- 
ture to the planning department 
and hopefully help you get the 
relevant permission. 


THE PURCHASE 


SO, HAVING got over the first 
hurdle, you have the permission; 
but where can you buy a tower 
without spending a fortune? 

Well, you have the various 
radio magazines that have read- 
er’s adverts, and you may pick 
up a bargain there. Pass the word 
round with your radio friends 
that you are looking for a tower 
and you may well be pleasantly 
surprised. You should be able to 
pick up a second-hand three sec- 
tion telescopic tower for between 
£200 and £406. 


BUYING TIPS 


KNOW WHAT YOU want, be- 
cause there is no point in spending 
hundreds of pounds more for a 
60ft tower when you know you 
can only go to 40ft. 

Try and view the tower before it 
is dismantled, so that you can see 
it working and confirm that it is 
complete. Check the winches 
and cables, making sure the roll- 


Ready for pouring the conc! 
mounting rods held in place byte 
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ers are working fine and that the 
cables are not frayed. These items 
can be costly and reflect on the 
purchase price. 

Buy a tower that is as close to 
home as possible, as the transpor- 
tation costs can be expensive. 

Look along the sections for signs 
of damage. A damaged tower can 
be weakened considerably if it has 
not been repaired correctly. 

When you go to buy the tower 
and you are picking it up, ensure 
you have plenty of people to help 
you load it, as they are very heavy. 

Try to purchase your tower after 
winter, so installation is not ham- 
pered by bad weather. 


THE INSTALLATION 


SO, YOU HAVE your planning 
permission and have managed 
to pick up a bargain, which is 
sitting outside in the back gar- 
den. What next? 

Ifyou have a 60ft tower in your 
garden and it comes crashing down 
you are not going to be to popular, 
so don’t cheat on the installation. 
Do it right and seek professional 
assistance if you don’t know how. 

Ensure that when you come to 
dig the hole, you have not placed it 
on top of a domestic pipe of any 
description. You wouldn’t want to 
dig half way down, only to find 
you have to dig another hole be- 
cause you have a water pipe run- 
ning through. 

Keep the hole clear ofany poorly 
drained area, and try not to dig in 
an area known not to be rocky. If 


mptied-out hole with the tower 


you are going to dig it yourself 
you will save money, but if you 
are not accustomed to manual 
labour then you will find it very 
hard work. 

I must say I found it hard work 
but addictive. Trying to complete 
the dig over the space of several 
nights, I was lucky that J only came 
across one big rock and then struck 
clay, butno doubt others will come 
across major problems. 

A tip [recommend is to coverup 
the hole when you are not digging, 
as one week of constant rain last 
year and I had a hole with 3ft of 
water init! Trying to remove 3ft of 
water isn’t the easiest thing to do, 
and it is a bit sore on the back. 

The type of ground surrounding 
the tower may reflect the size of the 
hole. Make the hole larger than the 
recommended size, rather than 
convincing yourself that it is 
‘close enough’. 

When the hole is dug you will 
have to consider how you are go- 
ing to line up the threaded rods or 
ground post socket (depending on 
what type of base you have). 

There is no room for error if you 
have a base plate. The rods have to 
match to the base exactly, because 
once the cement sets there is no 
going back. Likewise, ifyou install 
a ground post, the slightest degree 
off vertical and your tower will 
have anoticeable lean. 

Some form of template for lin- 
ing-up the rods can be made. Il used 
3/4in plywood of the type that 
builders use for cement 
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shuttering. I placed the base plate 
on top of it and drew round it, 
marking the holes for the rods to 
meet up. I made two of these 
templates, one for the top and 
one for the bottom. Cut out some 
of the excess material from the 
middle, so that that the cement 
can pass through. Rest the tem- 
plates with the rods in place with 
a couple of battens placed across 
the hole, levelled off. 

Now, with the hole dug and 
the templates in position, it’s time 
to order-up the sand and cement. 
When the material is being deliv- 
ered try to get the driver to drop it 
as close to the working area as 
possible. I made the mistake that I 
had just built our house and the 
garden had just been levelled. When 
the driver came he asked me if the 
ground was firm, and I never 
thought anything about it. He was 
driving a Suzuki pick-up, which 
sunk abouta foot anda halfinto my 
garden as soon as he reversed off 
the drive-way. With a trailer full of 
sand and stone mix he just couldn’t 
move, so that marked the spot 
where my material was dropped. 

That delayed me a further two 
days, because I had to move it by 
wheelbarrow from the front of the 
house to the back. You certainly 
learn by your mistakes, although 
I’msure the exercise did me good. 

Make sure you have made the 
correct calculations with the mix- 
ture. You don’t want to run out at 
the last minute. The proportions 
need to be right too. Make the 


The concrete poured, you should wait a week before removing the shuttering and 
templates. 
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mixture too weak and your tower 
base won’t have the strength, but 
too much cement will heighten the 
risk of cracking. 

What you need now is acement 
mixer, which can be hired and 
delivered to your door, plenty of 
old buckets and a good supply of 
water. It’s a messy job, so don’t 
wear your best clothes, anda good 
supply of ‘liquidrefreshment’ can 
help ease the exhaustion. By the 
end of the day the only thing you 
will want to do is go to bed. 

Once the hole has been filled 
and levelled off, leave it for a 
week for the cement to cure. Don’t 
do what I did and think that it has 
set after a couple of days - trust 
me, it won’t have. 

After the week has passed, you 
can remove the templates and get 
to work installing the base plate. 
You will have to put a layer of 
grouting onto the area where the 
tower base sits, to level off the 
base plate. This is an important 
job, as the slightest degree off 
vertical will put extra stress on the 
tower at the top and, depending 
on how much off level the base is, 
may cause the sections to stick 
while trying to lower the tower. 

You'll need two people to in- 
stall the sections onto the base, 
and you'll need someone with a 
knowledge of how to wire up the 
tower, as it can be tricky follow- 
ing the wiring diagrams. Take 
your time and don’t wind the 
tower right up immediately, a 
little at a time to ensure the cables 
are not catching on any part of 
the tower is much better. 

Once you are happy that the 
sections are running freely, step 
back and admire the fruits of your 
labour. If you have done the hard 
work yourself, trust me, you will 
appreciate the structure just that 
little bit more. 


THE REWARD 


YOU CANSAVE a lot of money 
doing the job yourself, but might 
well need to seek professional ad- 
vice. One thing is for certain, you 
will want to ensure that the tower 
and the antennas are well insured. 

Without doubt a tower-mounted 
antenna helps the performance ofa 
station. In some instances it can 
mean the difference between mak- 
ing a contact or not. 4 


165 


Down Torn. 


An Introduction to 0 


INCE THE early days of 

radio, quartz crystals have 

been used as high perform- 
ance resonant elements for oscil- 
lator and filter circuits. Today, 
with the advances in technology, 
they offer even higher levels of 
performance than the early com- 
ponents did, and all this for a 
very reasonable price. 


WHAT IS QUARTZ? 


CRYSTALS FOR electronics are 
made from quartz, which is a form 
of silicon. Although early crystals 
were made from the naturally oc- 
curring quartz, today’s components 
are manufactured from syntheti- 
cally produced quartz. In this 
process, powdered natural quartz 
is dissolved in water at 400°C 
and under very high pressure. 
Seed crystals are suspended in 
the solution and as the tempera- 
ture is slowly reduced the quartz 
starts to crystallise-out onto the 
seeds. Using this method, crys- 
tals many centimetres long can 
be grown. 

Blanks to make the electronic 
components are then made from the 
basic crystals. These are cut from 
the large crystals using diamond 
wheels. Diamond must be used for 
this process in view of the extreme 
hardness of the quartz. The orienta- 
tion of the cut, with respect to the 
axes of the basic crystal, is im- 
portant, as this determines many 
of the properties of the final com- 
ponent. 

Once cut, the blank is lapped to 
the approximate thickness required 
—the dimensions will determine the 
resonant frequency ofthe crystal. A 
very fine paste is used to ensure that 
a high-grade finish is achieved. 
However, this is not sufficient, and 
these days the final finish and di- 
mensions are obtained using chemi- 
caletching. 

Two electrodes are then added. 
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Fig 1: The equivalent circuit ofacrystal. 


166 


Crystals 


By lan Poole GVWR ° 


These are either gold or silver, 
and they are deposited onto the 
crystal surface. Their thickness 
can be used to trim the resonant 
frequency to the required fre- 
quency. Finally, the crystal is me- 
chanically mounted, and then 
placed into its can. This is either 
evacuated or filled with an inert 
gas. 


HOW THEY WORK 


QUARTZ CRYSTALS rely on 
the piezo-electric effect for their 
operation. A few materials ex- 
hibit this effect. When a mechani- 
cal stress is applied to the mate- 
rial, a potential is seen across it. 
Similarly, when a potential is 
applied across it, a mechanical 


stress is set up and it distorts. . 


Thus it is possible to place an 
alternating electric signal across 
a crystal and it will vibrate. 

The quartz crystal uses this 
fact, and when electrical signals 
are converted into ultrasonic vi- 
brations they are affected by the 
mechanical resonances of the 
crystal. The piezo-electric effect 
links the vibrations back into the 
electrical circuit again and the 
overall effect is that the electrical 
signal 1s affected by the mechani- 
cal resonances of the crystal and 
this enables very high levels of 
selectivity to be provided. Qs in 
excess of 20,000 are quite com- 
mon and values in excess of 
100,000 are not unknown. When 
this is compared to the figures of 
at best a few hundred that can be 
achieved by LC filters, the enor- 
mous difference can be seen. 


EQUIVALENT 
CIRCUIT 


TO SEE HOW any component 
operates in an electronic circuit, itis 
often convenient to describe it in 
terms of the basic elements of ca- 
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Fig 2: Impedance variation of acrystal. 


pacitors, resistors, and inductors. 
It is possible to describe a crystal 
in terms of other components, 
and from this it can be seen how 
the crystal operates as an electri- 
cal component. 

As can be seen from Fig 1, the 
basic equivalent circuit ofa crystal 
consists of just four components. 
These accurately describe most 
of the features of a crystal un- 
der normal operating con- 
ditions. There are three 
components in series. 
C, and L, represent 
the motional ca- 
pacitance and in- 
ductance, whilst 
R, represents the 
frictional losses. 

C, arises from the 
capacitance of the 
plates and leads in the 
component. 

From the equivalent cir- 
cuit it can be seen that there are 
two ways in which the crystal can 
resonate. The first is in a series 
resonant mode, where the 
reactances of L, and C, are equal 
and opposite and cancel one an- 
other out, leaving R, as the series 
resistance. The crystal can also 
resonate in a parallel resonant 
mode. For this the combination 
of L, and C, must have an induc- 
tive reactance equal and oppo- 
site to the reactance of C,, plus 
any external capacitance. 


uartz 


In terms of frequency, the dif- 
ference between the two reso- 
nant points is quite small. Usu- 
ally they are only separated by 
about 1%. As the series resonant 
point gives the minimum imped- 
ance for the circuit and the paral- 
lel resonant point provides a 
maximum value, there is an enor- 
mous variation in impedance 
over a very small band of fre- 
quencies. This is shown in Fig 2. 

It can be seen that in a series 
resonant mode, the crystal is not 
dependent upon any external el- 
ements for its resonant frequency. 
However, in a parallel resonant 
mode, the external circuit condi- 
tions must be taken into account. 
It is for this reason that crystals 
that are to be run in a parallel 
resonant mode have an external 
value of capacitance stated. Only 
when the circyit presents this 
value of load capacitance will 
they resonate at the correct fre- 
quency. For most applications a 
value of 30pF is standard, al- 
though a value of 20pF is also 


seen. 


RESONANCES 


IN VIEW OF the fact that when in — 
operation the crystal is actually — 
mechanically vibrating, it is use- 

ful to know about the ways in | 
which this occurs. There are three — 
main ways in which a crystal can — 
vibrate, and each has a different — 
resonant frequency for a particu- — 


lar crystal. The first is what is 
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termed a longitudinal vibration. 
Here the crystal vibrates by ex- 
tending and then shortening, as 
shown in Fig 3(a). It is rather 
similar to a spring with a weight 
on the bottom that is made to 
bounce up and down. The sec- 
ond is a flexural vibration, where 
the crystal flexes, and is shown in 
Fig 3(b). The third is a shearing 
mode. There are two types of 
shearing mode. The first is a face 
shearing mode (Fig 3(c)) and the 
second is a thickness shear (Fig 
3(d)). This last mode is the one 
that is associated with the “AT 
cut’ crystals that are used for 
virtually all RF applications. 


CRYSTAL CUT 


THE ANGLE AT which the crys- 
tal blank is cut relative to the axes 
of the main crystal is very impor- 
tant. It governs many of the prop- 
erties of the crystal resonator. For 
example, the piezo-electric ef- 
fect is greater in some directions 
than others. By cutting the crys- 
tal at a particular angle may mean 
that only certain modes of vibra- 
tion are excited. This is very im- 
portant, because it provides a 
means of reducing spurious or 
unwanted vibrations and re- 
sponses. 

The angle of cut also affect 
aspects like the temperature sta- 
bility and level of activity. For 
most applications within amateur 
radio, the ‘AT’ cut is used. This 
provides the best performance 
for frequencies from about 
500kHz upwards. For lower fre- 
quency oscillators, cuts such as 
‘CT’ or ‘DT’ may be used. 


OVERTONES 


THE MOST OBVIOUS way in 
which a crystal can vibrate is in 
its fundamental mode. This type 
of vibration is normally used for 
frequencies up to about 30MHz. 
However, at these frequencies, 
the crystals become very fragile 
and more difficult to manufac- 
ture. For higher frequencies a 
crystal can be made to operate in 
an overtone mode. Here the crys- 
tal will vibrate at approximately 
three, five, etc times the funda- 
mental frequency. However, it 
should be noted that the overtone 
frequency is not an exact multi- 
ple of the fundamental. 


(a) 


Extensional vibration 


Face-shearing vibration 


Fig 3: Vibrational modes of a crystal. 


SPECIFYING CRYSTALS 


WHEN ORDERING a crystal it is 
obviously necessary to specify 
what is required. This may not be 
as easy as it might appear at first 
sight, because there are a number 
of parameters to define. How- 
ever, once these have been mas- 
tered there is no problem. 

The first is naturally the fre- 
quency. The mode is also impor- 
tant. For most crystals used at 
HF, ie below about 30MHz, the 
crystal will operate in its funda- 
mental mode and not as an over- 
tone. It is also common to specify 
the frequency in kHz if the crys- 
tal is to run in a fundamental 
mode, and in MHz for an over- 
tone crystal, although you should 
not rely on this. When specifying 
an overtone crystal, never specify 
the fundamental frequency, as 
the operating (overtone) fre- 
quency is not an exact multiple. 

The frequency accuracy is very 
important. Naturally the more accu- 
rate the frequency required, the 
more costly the crystal. The tol- 
erance is specified in a number of 
ways. The first is the calibration 
tolerance, and this is probably 
the one that is of greatest impor- 
tance. It is generally defined as 
the tolerance at a reference tem- 
perature of 25°C. This tempera- 
ture is chosen because the fre- 
quency/temperature curve is 
roughly symmetrical about this 
temperature. The tolerance is 
expressed in terms of parts per 
million (ppm). In other words, if 
a 1MHz crystal was accurate to 
Ippm, then it would be within 
1Hz of the required frequency. 

Temperature stability is an- 
other requirement, because the 
frequency of a crystal will vary 
with temperature. Again, this is 
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expressed in parts per million 
over the operating temperature 
range. Sometimes an overall tol- 
erance of the calibration toler- 
ance plus the temperature stabil- 
ity is quoted. if 

Ageing is another factor that 
causes the frequency of a crystal 
to move. It is found that over a 
long period of time the frequency 
of a crystal will move slightly. 
The effect is most pronounced 
in the first few weeks after a 
crystal is manufactured and used. 
Ageing is a complicated subject 
and it arises from the settling- 
down of the stresses in a crystal 
and from the fact that small im- 
purities enter the crystal lattice. 
It is for this reason that etching 
rather than lapping is used in the 
final stages of crystal manufac- 
ture, to ensure that the lattice is 
not damaged at the surface of 
the crystal. 

Ageing is specified in terms 
of parts per million over a given 
period of time. It is dependent 
upon the way in which the crys- 


tal is manufactured and the en- 
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capsulation that is used. 

Another area that is often 
specified is the drive level. If a 
crystal has too much drive ap- 
plied, then it may be damaged. In 
extreme cases it will be found 
that its frequency may change. 
Accordingly, drive levels are of- 
ten specified. Typically maxi- 
mum levels of about 1mW are 
found for frequencies up to 
1MHz, falling to about a quarter 
of this level at frequencies of 
around 30MHz. 

A variety of holders are also 
available. The type required will 
depend upon the holder in the 
equipment, or when starting a 
new design it will depend upon 
the space available and the fre- 
quency at which the crystal will 
operate. The nomenclature usu- 
ally starts with the letters HC fol- 
lowed by two numbers. Two com- 
mon types are the HC6 and HC18 
styles, the HC18 type being the 
smaller. 


SUMMARY 


CRYSTALS ARE WIDELY used 
in electronics today because they 
offer an exceedingly high level 
of performance and can be 
bought quite cheaply. Their use 
is likely to continue for many 
years to come, as there are no 
other alternatives on the horizon 
that offer the same levels of per- 
formance. 

Whilst their cases may change 
size and shape, the crystals within 
them will be basically the same 
as those that have been used for 
many years. 4 


ABBREVIATIONS AND SYMBOLS 


Q The ‘goodness’ of a 
tuned circuit 

Q code 3-letter code, as used 
by radio amateurs 

QRP Q code for low power 

QSO- Q code for a contact 

QTHR Location as listed in 
the RSGB Yearbook 
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DowniTazas 
An Earth Continuity Tester 


EN USING mains 
powered electrical 
equipment, a good 

quality protective earth system is 
very important for safety. Good 
earth connections are additionally 
important for radio operation, both 
for protection against lightning 
strikes and also for the greater effec- 


Resistancer!; 
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safety, for example BS EN 
60335-1 for household equip- 
ment, demand that the resist- 
ance of the protective earth path 


attery 


R8 
150R 
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Fig 1: Circuit diagram of the Earth Continuity Tester. 


tiveness of antennae that use earth 
as one half of a dipole. In situa- 
tions where the earth path is a 
functional earth as opposed to a 
protective earth, a simple low 
voltage low current continuity 
tester or resistance meter is usu- 
ally sufficient for checking earth- 
ing resistance, but for a proper 
test of a protective earth a high 
current tester is needed. This is 
because a deteriorating earth con- 
nection in the form of a stranded 
wire where many of the strands 
are broken will still show a low 
resistance to alow current tester, 
but in a fault situation when the 
earth path needs to pass a high 
current to ground and thus trig- 
ger a protective device, the high 
current causes the remaining 
strands to “burn out’, ie go open 
circuit, before the protective de- 
vice has time to operate; the pro- 
tection is then non-existent. 


SAFETY STANDARDS 


RECOGNISING THIS situa- 
tion, the British and European 
safety standards for electrical 


en 
*58 Murray Road, Sheffied, South Yorks S11 
7GG. 
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between an exposed metal part 
and the protective earth pin is 
less than 0.1Q. 

The equipment needed for 
checking to this standard is spe- 
cialised and expensive, but this 
simple project provides a low 
cost alternative and will check 
resistance at two to three amps if 
good quality batteries are used. 
To simplify use, the circuit gives 
a pass/fail indication instead of a 
resistance value. 


WHEATSTONE 


have a resistance of 0.1Q), if 
the earth resistance is less than 
OR1 the voltage between the mid- 
points of the two halves of the 
Wheatstone Bridge will be posi- 
tive, and if it is less than OR1 it 
will be negative. This is fed to the 
detector part of the circuit. 

The detector is an Op Amp, 
wired as a comparator. Wired in 
this way it has such a high gain 
that its output is roughly equal to 
either the positive or negative 
supply rail voltage, depending 
on whether the PD between its 
‘+’ and ‘-’ inputs is positive or 
negative. It doesn’t matter 
whether the PD is large or small, 
the output will always be at either 
extreme. This means there will 
always be definite pass or fail 
indication from the detector, no 
matter how large or small the 


_ output from the Wheatstone. 


Bridge. This is important, as it 
means correct operation of the 
circuit doesn’t depend on the 
voltage of the high current bat- 
tery, particularly as itis achemi- 
cal type whose output voltage 
can fall dramatically when a high 
current is being drawn. The pass/ 
fail voltage (Vpf) from the detec- 
tor then passes to the output indi- 
cator circuit. 


Voltmeter 


nf 
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Fig 2: In a conventional Wheatstone 
Bridge circuit, the value of an 
unknown resistance (Rx) is 
determined by adjusting a variable 
resistor (Rv) with a calibrated scale, 
until the reading on the voltmeter is 
zero. At that point Rx/R1 = Rv/R2, so 
the value of Rx is then given by: 


Rx = (Rv x R1)/R2 


The advantage of this method is that 
at the balance point no current flows 
through the voltmeter, so the 
resistance of it doesn't affect the 
measurement. This is a sensitive 
method for detecting small changes 
in resistance, as a small change 
causes a large meter reading. 
* 


The output indicator circuit 
consists of two LEDs, driven 
by transistors to provide suffi- 
cient current, which indicate 
either a pass or a fail for an 
earth path resistance of less than 
or more than 0.192. TR2 is NPN, 
which switches on when its 
input is high, TR1 is PNP, 
which switches on when its 
input is low. A separate sup- 
ply voltage is needed for the 
Op Amp and LED circuit, 
since the test battery voltage 
will drop under a heavy load 

current. 


BRIDGE 


THE CIRCUIT can be con- 
sidered in three parts; test, 
detector and output indi- 
cator. See the circuit dia- 
gram in Fig 1. 

The test part of the cir- 
cuit is based on a 
Wheatstone Bridge, where 
the earth resistance path 
forms one of the resistance 
‘arms’. See Fig 2 for the 
principle behind a 
Wheatstone Bridge. As a 
consequence of the values 
of resistance chosen (the 
test leads are assumed to 


Inside a completed tester. Note that in a 'cased' 
project, the LEDs are removed from the stripboard 
and brought out to the front panel. 


Because the output of 
the op-amp does not 
swing completely to the 
positive (Vs) and nega- 
tive (Vo) supply rails, 
measures need to be taken 
to ensure that the LED 
driver transistors switch 
off correctly. 


CONSTRUCTION 


A SUITABLE stripboard 
layout is shown in Fig 3, 
and Fig 4 shows how to 
identify and orientate 
several of the compo- 
nents. Use thick wire for 
the test leads! 
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Test lead1 


Test lead 2 


Test lead connections 
are made directly to the 
track below the board, 
not through the holes 
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HOW TO USE 


USING FLYING LEADS with 
suitable connectors, eg crocodile 
clips, connect the circuit to each 
end of the earth path to be tested. 
This would usually be the mains 
plug earth pin and any metal part 
meantto be earthed. Then press the 
test button. Release the test switch 
as soon as a pass/fail indicator 
lights (certainly within 5 to 10 
seconds, to lengthen battery life 


SAFETY NOTICE 


THE PROJECT described 
here may be used to test the 
resistance of appliance earth 
connections, but it is not in- 
tended to conform to any /e- 


gal requirements for the test- 
ing of electrical safety. 

The RSGB and the author 
accept no responsibility for 
any accident or injury caused 


and prevent possible overheating by its use. 
of RI and R2). 4 - Ed 
COMPONENTS 


Resistors - all metal oxide 0.4W TR2 BCI1O9C (general 
1%, except RI & R2 purpose NPN) 

R1,R2 ORI, 2.5W 

R3,R4 10k Miscellaneous 

R6,R7 24k Bl 1 x AA Duracell 

R5,R8 150R B2 122%) 

R9, R10 330R S1 double pole, 

momentary on, 
Semiconductors or push button 
ICl LM324 $2 single pole on/off 


Di, D2 Battery clips/holders 
Stripboard 

Plastic case* 

2 x 4mm plugs & sockets* 


2 x crocodile clips 


TLY114A yellow, or 
TLR114A red and 
TLG114A green 
BC179 (general 
purpose PNP) 


TRI 


(* only required if you are building the project in a case) 
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(2 


TO 18 transistor can 
(from below) 


X= 
Rred 

G green 
Y yellow 


lead) 


TLx114A LED 


(from below) 


Ouput 1 Output 4 
Input I= Input 4— 
Input 1+ Input 4+ 

V+ -\V— 
Input 2+ Input 3+ 
Input 2— Input 3= 
Output 2 Output 3 


Connections for LM 324 
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Fig 4: Orientation (and pin-outs) of the batteries, IC1, LEDs and transistors. 
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Cra 


An Introduction to 
ansiormers 


By lan Poole CFVR * 


RANSFORMERS are 

widely used in all 

branches of electronics. 
One of their most well known 
uses is in power applications, 
where they are used to transform 
the operating voltage from one 
value to another. They also serve 
to isolate the circuit at the output 
from a direct connection to the 
primary circuit. In this way they 
transfer power from one circuit 
to another with no direct con- 
nection. 

Very large transformers are 
used on the National Grid to 
change the line voltages be- 
tween the different values re- 
quired. However, for the radio 
amateur or home enthusiast, 
transformers are commonly 
seen in power supplies. Trans- 
formers are also widely used in 
other circuits from audio up to 
radio frequencies, where their 
properties are employed to cou- 
ple different stages within the 
equipment. 


WHAT ISA 
TRANSFORMER? 


A BASIC transformer consists 
of two windings, and the cir- 
cuit symbol is shown in Fig 1. 
The windings are known as the 
‘primary’ and the ‘secondary’. 
In essence, power enters on the 


Primary 


Secondary 
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Fig 1: Circuit symbol of atransformer. 


primary and leaves on the sec- 
ondary. Some transformers 
have more windings, but the 
basis of operation is still the 
same. 

There are two main effects 


*5 Meadway, Staines, Middx TW18 2PW. 
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A typical mains transformer, as might be used 
in a low voltage power supply. 


that are used in a transformer, . 


relating to current and mag- 
netic fields. In the first it is 
found that a current flowing in 
a wire sets up a magnetic field 
around it. The magnitude of 
this field is proportional to the 
current flowing in the wire. It is 
also found that if the wire is 
wound into a coil then the in- 
tensity of the magnetic field is 
increased. If this electrically 
generated magnetic field is 
placed in an existing magnetic 
field then a force will be ex- 
erted on the wire carrying the 
current, in the same way that 
two magnets placed close to 
one another will either attract 
or repel one another. It is this 
phenomenon that is used in 
electric motors, meters, and a 
number of other electric units. 

The second effect is that if a 
magnetic field around a con- 
ductor changes, then an elec- 
tric current will be induced in 
the conductor. One example of 
this can occur if a magnet is 
moved close to a wire or a coil. 
Under these circumstances an 


electric current will be 
induced, but only 
while the magnet is 
moving. 

The combination of 
the two effects occurs 
when two wires or two 
coils are placed close 
together. When a cur- 
rent changes its mag- 
nitude in the first coil, 
this results in a 
change in the mag- 
netic flux, and in turn 
results in a current 
being induced in the 
second coil. This is 
the basic concept be- 
hind a transformer, 
and from this it can 


be seen that it will only operate. 


when a changing or alternating 
current is passing through the 
input or primary circuit. 

. Fora current to flow, an EMF 
(Electro-Motive Force) must be 
present. This potential differ- 
ence or voltage at the output is 
dependent upon the ratio of 
turns in the transformer. If more 
turns are present in the primary 
than the secondary, the volt- 
age at the input will be greater 
than the output, and vice versa. 
In fact the voltage can easily be 
calculated from a knowledge 
of the turns ratio: 


E/E =n/n 
as 5 ip 


Where: 

1. Eis the primary EMF 

E, is the secondary EMF 

ni, is the number of turns 

on the primary 

4. n_is the number of turns 
on the secondary 


wn 


Fig 2 shows the basic param- 
eters associated with a trans- 
former. If the turns ratio ns/np 


is greater than ‘1’, the trans- 
former will give out a higher 
voltage at the output than the 
input, and is said to be a step up 
transformer. Similarly, a trans- 
former with a turns ratio of less 
than ‘1’ is a step down trans- 
former. 

There are a number of other 
factors that can be easily calcu- 
lated. The first is the ratio of 
input and output currents and 
voltages. Ignoring any losses 
(and the losses in mains trans- 
formers are usually very small 
and therefore ignored), the in- 
put power is equal to the output 
power. From this it is possible 
- using the simple formula 
shown below 5 to calculate a 
voltage or current, if the other 
three values are known. 


Vixslo=iV eal 
Pp Pp s s 


For example, take the case 
of a mains transformer that de- 
livers 25V at 1A. With an input 
voltage of 250V, this means 
that the input current is 1/10A. 

For some transformers the 
number of turns on the primary 
will be the same as that on the 
secondary, and the current and 
voltage at the input will be the 
same as that at the output. How- 


is 


\n Es +Z, 
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Fig 2: Parameters associated with a 
transformer. 


ever where the turns ratio is not 
1:1, the voltage and current ratio 
will be different at the input 
and the output. From the sim- 
ple relationship shown above 
it will be seen that the ratio of 
voltage to current changes be- 
tween the input and the output. 
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For example, a trans- 
former with a turns ra- 
tio of 2:1 may have a 
20V input with a cur- 
rent of 1A, whereas at 
the output the voltage 
will be 10V at 2A. 


IMPEDANCE 


AS THE RATIO of 
voltage and current de- 
termines the imped- 
ance, it can be seen 
that the transformer 
can be used to change 
the impedance be- 
tween the input and the 
output. In fact the im- 
pedance varies as the 
square of the turns ra- 
tio, as seen by: 


TEI Thess ML 
Pp s P s 
IN USE 


TRANSFORMERS are widely 
used in many applications in 
radio and electronics. One of 
their main applications is within 
mains power supplies. Here the 
transformer is used to change 
the incoming mains voltage 
(around 240V in the UK) to the 
required voltage to supply the 
equipment. With most of to- 
day’s equipment using semi- 
conductor technology, the 
voltages that are required are 
much lower than the incoming 
mains. In addition to this, the 
transformer isolates the supply 
on the secondary from the 
mains, thereby making the sec- 
ondary supply much safer. If 
the supply were taken directly 
from the mains there 
would be a much 
greater risk of elec- 
tric shock. 

A transformer like 
that used in a power 
supply is generally 
wound on an iron 
core. This is used to 
concentrate the mag- 
netic field and en- 
sure the coupling be- 
tween the primary 
and secondary is 
very tight. In this 
way the efficiency is 
kept as high as pos- 
sible. However it is 
very important to en- 


Laminated 
iron core 


Primary coil 
winding 


To earth 


Secondary coil 
winding 


Fig 3: Physical construction of a mains transformer. 


sure that this core does not act 
as a one-turn winding. To pre- 
vent this happening the sec- 
tions of the core are insulated 
from one another, as shown in 
Fig 3. In fact the core is made 
up from several plates, each 
interleaved but insulated from 
one another. Also, the two 
windings of a power trans- 
former are well insulated from 
one another, to prevent any 
likelihood of the secondary 
winding from becoming live. 

Although one of the major 
uses for transformers that the 
hobbyist will encounter is for 
transforming supply or mains 
voltages to a new level, they 
also have a variety of other 
applications. When valves were 
widely used, they were em- 
ployed in audio applications to 


Screen 
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enable low impedance 
loudspeakers to be 
driven by valve cir- 
cuits that had a rela- 
tively high output im- 
pedance. They are also 
used for radio fre- 
quency applications. 
The fact that they can: 


© isolate the direct 
current 
components of 
the signal, 

@® =actas impedance 
transformers, 

@ act as tuned 
circuits 


all in one, means that 
they are a vital element 
in many circuits. Fig 4 
shows a circuit where a trans- 
former is used as an interstage 
element in an Intermediate Fre- 
quency amplifier in a radio. In 
many portable receivers these IF 
transformers provide the selec- 
tivity for the receiver. In the ex- 
ample shown it can be seen that 
the primary of the transformer is 
tuned using a capacitor to bring it 
to resonance. Adjustment of the 
resonant frequency is normally 
made using a core that can be 
screwed in and out to vary the 
amount of inductance of the coil. 
The transformer matches the 
higher impedance of the collec- 
tor stage of the previous stage to 
the lower impedance of the fol- 
lowing stage, and also serves to 
isolate the different steady-state 
voltages on the collector of the 
previous stage from the base of 
the following stage. 

If the two circuits 
were not isolated from 
one another, the DC 
bias conditions for 
both transistors would 
be disturbed and nei- 
ther stage would oper- 
ate correctly. By us- 
ing a transformer the 
stages can be con- 
nected for AC signals 
whilst still maintaining 
the DC bias condi- 
tions. 
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Fig 4: A transformer used as interstage coupling in the 
Intermediate Frequency stage of a radio receiver. 
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SUMMARY 


THE TRANSFORMER 
is an invaluable com- 


Domina. 


ponent in today’s electronics 
scene. 

Despite the fact that inte- 
grated circuits and other semi- 
conductor devices seem to be 
used in ever increasing quanti- 
ties, there is no substitute for 
the transformer. 

The fact that it is able to isolate 
and transfer power from one cir- 
cuit to another whilst changing 
the impedance, ensures that it is 
uniquely placed as a tool for 
electronics designers. + 


ABBREVIATIONS. 
AND SYMBOLS 


A Ampere - the unit of 
current 

AC Alternating Current 

cm centimetre - one hun- 
dredth of a metre 


CW Continuous Wave 
DE Direct Current 
FET Field Effect 
Transistor 
FM Frequency 
Modulation 
LED = LightEmitting Diode 
mA milli Amp - one 
thousandth of 
an Ampere 
MHz Megahertz - one 
million Hertz 
NPN _ Negative Positive 


Negative* 
NRAE Novice Radio 
Amateurs Exam 
Q Ohm - the unit of 
resistance 
pF pico Farad 


PNP Positive Negative 
Positive* 

QSO Q code for 
‘a contact’ 

RAE Radio Amateurs 
Exam 

SASE Self Addressed 
Stamped Envelope 

UK United Kingdom 

USA United States of 
America 

Vv Volt - the unit of 
potential 

VFO Variable Frequency 
Oscillator 

Z Impedance 


* describes the type of a 
bipolar transistor 
@eeoeoeeeseeses 6 @ 
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Down ozs. 


An Introduction to 
Solar Indices 


By Gyn hams, GYFHA 


O GAIN A better under- 
standing of the figures 
quoted each week on the 


RSGB GB2RS bulletins, some 
of the more important indices 
are explained below. This is not 
a comprehensive coverage of in- 


solar flux is used as a basic indi- 
cator of solar activity. It can vary 
from values around 60 to values 


Picture of a very active sun, taken during a solar maximum. 


dices, rather a simple introduc- 
tion. To retain simplicity, em- 
phasis will be given to HF condi- 
tions. The indices that will be 
discussed are Solar Flux, the Ap 
and Kp indices, and how these 
interact and affect our ability to 
propagate signals around the 
earth. 


SOLAR FLUX 


THE 10.7cm (2800MHz) radio 
flux is the amount of solar noise 
that is emitted by the sun at these 
wavelengths. The solar flux is 
measured and reported at ap- 
proximately 1700 UTC daily by 
the Penticton Radio Observatory 
in British Columbia, Canada. The 


Ce ey 
*21 Borda Close, Chelmsford, Essex CMI 4]Y. 
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in excess of 300 (representing 
very low solar activity and high 
to very high solar activity re- 
spectively). It is worth noting 
that it takes several days of high 
values for the ionosphere to im- 
prove, one high day will not 
improve communications. Val- 
ues in excess of 200 occur typi- 
cally during the peak of solar 
cycles. 

The solar flux is closely re- 
lated to the amount of ioniza- 
tion (electron concentration) 
taking place at F2 region 
heights (heights sensitive to 
long-distance radio communi- 
cation), Fig 1. High solar flux 
values generally provide good 
ionization for long distance 
communications at higher than 


normal frequencies. Low solar 
flux values can restrict the band 
of frequencies which are us- 
able for long distance commu- 
nications. The solar flux is 
measured in ‘Solar Flux Units’ 
(SFU). 


A-INDEX 


THE GEOMAGNETIC A-index 
represents the severity of mag- 
netic fluctuations occurring at 
local magnetic observatories. 
During magnetic storms, the A- 
index may reach levels as high 
as 100. During severe storms, 
the A-index may exceed 200. 
Great ‘rogue’ storms may suc- 
ceed in producing index values 


-in excess of 300, although - 


storms associated with indices 
this high are very rare indeed. 
The A-index varies from ob- 
servatory to observatory, since 
magnetic fluctuations can be very 
local in nature. A quoted A-in- 


dex will indicate a local reading, 
whilst an Ap-index represents a 
planetary A-index. 


K-INDEX 


THE K-INDEXx is related to the 
A-index. Comparison figures 
are given in Table 1. 

Each UTC day is divided into 
eight 3-hour intervals, starting 
at 0000 UTC. In each 3-hour 
period, the maximum devia- 
tion from the quiet day curve is 
measured and the largest de- 
viation is selected. It is then put 
into a standard mathematical 
equation to yield the K-index 
for the period. 

The K-index js useful in de- 
termining the state of the 
geomagnetic field, the quality 
of radio signal propagation and 
the condition of the ionosphere. 
Generally, K-index values of 0 
and | represent quiet magnetic 
conditions and imply good ra- 
dio signal propagation condi- 
tions. Values between 2 and 4 
represent unsettled to active 
magnetic conditions and gen- 


Picture of a spotless sun, taken during a solar minimum. 
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Fig 1: General shape and electron concentration at the various region heights. 


erally correspond to less-im- 
pressive HF radio propagation 
conditions. K-index values of 
5 represent minor storm condi- 
tions and are usually associ- 
ated with fair to poor propaga- 
tion on many HF paths. K-in- 
dex values of 6 generally rep- 
resent major storm conditions 
and are almost always associ- 
ated with poor radio propaga- 
tion conditions. K-index val- 
ues of 7 represent severe storm 
conditions and are often ac- 
companied by ‘radio blackout’ 
conditions (particularly over 
higher latitudes). K-indices of 
8 or 9 represent very severe 
storm conditions and are rarely 


Wike & Victor 


encountered (except during ex- 
ceptional periods of solar ac- 
tivity). K-indices this high most 
often produce radio blackouts 
for periods lasting in excess of 
6 to 10 hours (depending upon 
the intensity of the event). 


COMPLETE PICTURE 


KEEPING THE ABOVE expla- 
nations in mind, it is now time to 
put it together and get a more 
complete picture of the various 
interactions. Referring once again 
to Fig 1, the various regions of 
the ionosphere receive their ioni- 
zation from the sun. Basically, 
the greater the received ioniza- 
tion the more capable the iono- 
sphere is of bending radio trans- 

missions back to 


Well, there are sites on earth. Also, the 

How should I go the Internet, or log onto} greater the received 

about getting the] | the packet DX cluster ionization the 
latest solar 


figures? 
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and type 'SH/WWV' 


higher will be the 
Maximum Usable 
Frequency (MUF). 

Some of you may not be fully 
aware of the term MUF, so here’s 
a brief explanation: It is the maxi- 
mum frequency that allows reli- 
able HF radio communication 
over a given ground range by 
ionospheric refraction (bend- 
ing). Frequencies higher than the 
MUF penetrate the ionosphere 
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and become useful for extrater- 
restrial communications. 
Ionization comes as men- 
tioned from the sun. By far the 
most important type is extreme 
ultraviolet (EUV) radiation. 
Bright areas called ‘plage’ can 
be seen surrounding sunspot 
groups, as shown in the photo 
on the extreme left. Plage is the 
primary source of the sun’s EUV 
radiation. As plage levels vary 
throughout the solar cycle, so 
too does the level of EUV radia- 
tion. This leads to changes in the 
electron concentration of the 
ionosphere during the course of 
a solar cycle. The ionosphere’s 
ability to refract signals is de- 
pendent upon the electron con- 
centration - the higher the elec- 
tron concentration and SFU, the 
better able the ionosphere is to 
refract radio signals. The MUF 
also rises with a greater electron 
concentration; which explains 
why radio. communication con- 


Kp Ap State 

Oo 0) 

O+ 2 

]- 3 Quiet 

lo 4 

1+ 5 

2- 6 

20 a Unsettled 

2+ 9 

3- 12 

30 16S) 

3+ 18 

4- 22 : 

4o 27 Active 

4+ a2 

5- 39 

50 48 Minor storm 
5+ 56 

6- 67 i PROS 
60 80 Major storm 


Table 1: The relationship between Ap 
and Kp. Note that normally only the 
figures of Kp with an ‘o’ after them 
are quoted. This means that each ‘K’ 
index covers a range of ‘A’ indices. 
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ditions are enhanced during the 
peak of solar cycles. The photo 
(bottom left) shows the sun at 
the bottom of a solar cycle. No- 
tice the distinct lack of plage 
regions and therefore the short- 
age of EUV. Also, the low solar 
activity will result in very low 
SFU levels. 

The key points to remember 
are that a high SFU will result in 
superior communications capa- 
bilities, whilst a low SFU will 
result in inferior communications 
capabilities. Another important 
point is that it takes some time for 
the ionosphere to react to increas- 
ing SFU, so it requires quite some 
building up before it is capable of 
supporting higher MUFs. 


THE DOWN SIDE 


WITH INCREASING solar ac- 
tivity on the sun, as a cycle gath- 
ers momentum towards a peak 
and following that peak, 
geomagnetic activity also tends 
to build. This is the result of 
activity on the sun producing 
interactions with the earth and 
causing disturbances to the 
earth’s magnetic field. As previ- 
ously mentioned, this activity is 
measured, the ‘A’ and ‘K’ indi- 
ces being the result. 

The higher the A/K index, the 
more likely that there will be an 
interaction with the ionosphere, 
ie a high A/K level will depress 
the MUF. The amount by which 
the MUF is depressed will de- 
pend upon the severity of the 
storm, whilst the period of de- 
pression will depend upon the 
duration of the geomagnetic/ 
ionospheric storm. Geomagnetic 
and ionospheric storms are in- 
trinsically associated, however, 
a geomagnetic storm is a distur- 
bance affecting the earth’s 
geomagnetic field and iono- 
spheric storms. are disturbances 
in the earth’s ionosphere. 


CONCLUSIONS 


FOR THE BEST chance of HF 
DX, look for high levels of SFU, 
say 150+, and low levels of K, 
say Q-2. It is when these indices 
have been around these levels 
for some days that the best com- 
municating conditions will be 
observed. + 
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Downton. 
An Introduction to ATV 


NE OF THE specialist 
modes of communica- 
tion within amateur radio is 


amateur television. It takes two 
forms; Slow Scan and Fast Scan. 

In Slow Scan, still colour images 
producing modulating frequencies 
within the audio band are transmit- 
ted either using FM at VHF/UHF or 
SSB on HF. In the latter case, world- 
wide contacts are possible. Pictures 
are generated by a video camera and 
processed using a computer with 
suitable software. Received images 
are processed and displayed by the 
computer. 

In Fast Scan, moving colour im- 
ages with standards similar to broad- 
casting in the operator’s country are 
used. As the video modulating fre- 
quencies extend to SMHz, transmis- 
sion must be in the UHF/SHF bands. 
On 70cm amplitude modulation is 
employed, where, due to bandwidth 
constraints, only monochrome pic- 
tures may be used. On 23cm and on 
microwaves, frequency modulation 
with colour and a sound sub-carrier 
is employed. Ranges of typically 
50km are possible, with greater dis- 
tances during lifts. In many parts of 
the country repeaters operating in 
the 23cm and 3cm bands, or some- 
times with input on one and output 
on the other band, have been in- 
stalled at elevated locations. Unlike 
voice repeaters, mainly intended for 
use by mobiles, ATV repeaters pro- 
vide better coverage and increased 
range for fixed stations. With all 
stations in a group beaming at the 
repeater, a picture transmitted by 
any one station may be seen by all 
the others. 

In the future it is anticipated that 
the digital compression and modu- 
lation techniques now used in broad- 
casting will be adapted to amateur 
use, leading to conservation of band- 
width with improved range and pic- 
ture quality. 

Other TV amateurs are not on the 
air but specialise in developing video 
techniques, preserving historic cam- 
eras, or the old Baird 30-line and 
EMI 405-line systems. 

The special interests of TV ama- 


Oe 
* 39 Stow Road, Stow-cum-Quy, Cambridge, 
CBS9AD. E-mail: ian.waters @freenet.co.uk 
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Test card radiated by Cambridge 
ATV repeater GB3PV, when in 


beacon mode, 
accessed. 


ie not being 


teurs are catered for by The British 
Amateur Television Club (BATC) 
[1], which is affiliated to the RSGB. 

This feature concentrates on 
fast scan. 


THE ATV QSO 


THOSE NOT familiar with ATV 
may wonder what a QSO is like and 
what ATV operators get up to. 

Itis usual to use one or more video 
cameras to take pictures, usually in 
colour, of the shack in which the 
operator may be seen speaking to 
his contact. Anything being dis- 
cussed, perhaps a component, a 
piece of equipment or circuit dia- 
gram may be brought into close up. 
The only limits on content are those 
imposed by the licence. Amateur 
made video tapes, perhaps taken by 
the operator during a visit or on 
holiday, are often transmitted, but 
commercially produced tapes and 
the re-transmission of broadcast pro- 
grammes are not allowed. Some 
operators have a camera installed on 
their antenna which can be panned 
round by a rotator to give a pano- 
ramic view of the district. It is usual 
for the sound side of the QSO to be 
duplex, with the outgoing sound 
carried on a sub-carrier on the vision 
channel while return sound is on 2m 
using the ATV talkback frequency 
of 144.750MHz (although other fre- 
quencies are used in some areas). 

Occasionally full duplex vision 
and sound is employed, with the 
reverse circuit being on another 
band. As mentioned, in many areas 
operation is both direct station-to- 
station and via a repeater. Repeater 
groups often nominate specific times 


Look-through picture of G3KKD, 
transmitted via GB3PV at a 
distance of 12.7 km and received 
back in the shack. 


each week when stations try to be 
active and join in a net. A particu- 
larly good use of TV is when two or 
more operators are designing some 
piece of equipment or tracing a fault. 
One may instruct the other, via the 
talkback channel, to connect an os- 
cilloscope or other test gear to a 
particular point while observing the 
result shown over the air, so analys- 
ing the problem. 


GETTING STARTED 


SO YOU THINK this sounds inter- . 


esting and would like to have a go. 
How to go about it depends rather a 
lot on where you live. If you are 
fortunate to live within the coverage 
area of one of the 28 ATV repeaters 
in the UK (see Fig 1), the first thing 
is to listen on the talkback frequency, 
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Fig 1: ATV repeaters in the UK. 


get some idea of local activity and 
make contact with some ATV op- 
erators. You will find them friendly, 
helpful, and very willing to assist a 
newcomer to join their ranks. 

Although not strictly line of sight, 
propagation on these bands is very 
dependent on the lie of the land. 
Most repeater groups have cover- 
age maps which will enable you to 
see if a signal is likely to be available 
at your QTH. However, as these are 
usually generated by path predic- 
tion software backed up by some 
verification measurements, they give 
a good general indication but should 
not be taken as absolute. 

If the map shows you to be in the 
coverage area and you have an un- 
obstructed view in the direction of 
the repeater you will probably be 
OK. Equally, there are many cases 
in which the software suggests an 
inadequate signal but satisfactory 
results can be obtained. 23cm re- 
peaters generally have a better coy- 
erage than those on 3cm. In case of 
doubt, many repeater groups have 
portable equipment and will be will- 
ing to visit you and carry out on-site 
tests. It is far better to carry out 
preliminary investigations before 
making or buying equipment and 
installing it, which could lead to 
disappointment if you happen to be 
living in a black hole! 
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If you do not live in a repeater 
area, all is not lost. There may well be 
activity on a direct station-to-station 
basis within range of you. Again, 
listen on the talkback frequency and 
ask questions on the air to see what 
may be happening. Are there any 
stations, and on what band(s) are 
they active? If you find that there are 
possible contacts and you can get 
access to a computer with path pre- 
diction software, try entering your 
national grid reference and then theirs 
to see what the path looks like, 
whether it is obstructed or not and 
what path loss is calculated for the 
band in question. Local knowledge 
and observations will enable you to 
get a feel for whether there is likely 
to be significant extra attenuation 
due to obstructions. Knowing the 
estimated path loss you can calcu- 
late the probable picture quality you 
may receive as follows: On the 23cm 
band take the transmitter power (in 
dBm), add the effective transmitting 
antenna gain (gain dBd - feeder loss) 
deduct the path loss, then add the 
effective receiving antenna gain 
(gain dBd - feeder loss). This gives 
the power at the receiver input in 
dBm. ATV pictures are reported on 
ascale of PO to PS. P1 is a picture just 
resolvable in the noise, while P5 is a 
clear noise free colour picture. 


WHAT EQUIPMENT? 


A BLOCK DIAGRAM of a simple 
ATV receiving station is given in 
Fig 2, while a photograph of this 
equipment is shown below. 


ANTENNA 


The antenna you will require varies 
enormously with your circum- 
stances. If you are fortunate to be, 
say, 10km from a 23cm repeater 
with an unobstructed path, you may 
be able to receive a PS picture with a 
dipole literally only 22cm long a 
metre or so off the ground. If you are 
further away and/or have an ob- 
structed path, you may require an 
antenna with 22dBd or more of 
gain. Designs for building various 


A simple ATV 
receiving set up. 


Rotator 
(optional) 


. Video monitor . 


2m antenna 


‘Alternative 
| position for 
; preamplifier 
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transceiver } 
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Fig 2: Block diagram of a simple 23cm ATV receiving station. 


types have been published, while 
some Yagi arrays may be purchased. 
Polarisation is horizontal. Gener- 
ally it is best to erect an antenna 
with as much gain as possible as 
high and in the clear as possible. If 
you only intend to operate via a 
repeater the antenna may be 
aligned and locked, but if a range 
of contacts is possible a rotator 
will be necessary. Remember, high 
gain antennas at these frequencies 
are very directive. Also, there must 
be some compromise over height, 
as cable attenuation is high. For 
shorter runs UR67 type cable may 
be used, but for longer runs it is 
preferable to employ better qual- 
ity LDF4-50 with a flexible tail of 
UR67 if required for a rotator. If 
you have a weak signal and/or are 
forced to use a long cable run, you 
may consider a mast- 
head pre-amplifier, 
which will improve 
matters consider- 
ably. However, 
mast-head pre-am- 
plifiers complicate 
things when it comes 
to transmitting. 
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RECEIVER 


Here again you have a make or buy 
option. You may wish to make a 
receiver following one of the de- 
signs that have been published. Al- 
ternatively you may assemble a re- 
ceiver from boards that may be 
bought. Although it is not the ideal 
solution, perhaps the quickest and 
easiest route is to adapt a broad- 
cast satellite receiver indoor unit, 
such as the Amstrad SRX200, 
which provided the IF amplifica- 
tion and demodulation in the sat- 
ellite system. The IF tuning cov- 
ers the 23cm band. Units of this 
sort are available at rallies for a 
few Pounds. 

If using a satellite unit, several 
points need to be remembered: 

1. These units output DC on 
their RF input sockets, to feed 
the LNB. If you do not wish to 
use it to drive a preamplifier it 
must be disconnected, otherwise 
the antenna could short it out 
and cause damage. 

2. An indoor unit alone does not 
have enough gain for ATV recep- 
tion, except with an extremely strong 
signal. You will need a high gain, 
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low noise pre-amplifier (typically a 
noise figure around 1dB and gain of 
about 40dB). Again, these can be 
made or bought. 

3. Whilst it is possible to tune a 
satellite receiver to the ATV channel 
using its tuning push buttons, it is 
better to disconnect the original tun- 
ing arrangement and substitute a 
simple potentiometer tuning con- 
trol. It is also necessary to select a 
6.0MHz sound sub-carrier. 

4. As the deviation used for satel- 
lite transmissions is about twice that 
standardised for ATV, the unit’s IF 
bandwidth will be too wide. This 
leads to some reduction in signal/ 
noise and less immunity to adjacent 
channel interference, ie radar or other 
amateur stations. The level of the 
demodulated video will also be low, 
but this can usually be accommo- 
dated by the monitor contrast con- 
trol. Many stations use satellite re- 
ceivers - they are certainly a very 
good way to get started. 


MONITOR 


You may either use a video moni- 
tor, such as those supplied for use 
with older computers which 
outputted standard 625 line video, 
or a television set equipped with a 
SCART connector to which com- 
posite video and sound from your 
receiver can be connected. Have a 
dedicated monitor, don’t be 
tempted to use the domestic telly, 
it will lead to strife! 


READY TO GO 


WITH THE ABOVE items plus a 
2m transceiver you are now 
equipped to join the fun with ATV, 
at least as a receiving station. After 
gaining some experience you may 
wish to progress to transmitting. 

Many designs for antennas and 
other equipment mentioned here 
have been featured at some time 
in CQ-TV, the BATC's journal. If 
you're fired-up by what you have 
read here, do consider joining. 

I would Jike to thank my friends 
in the Cambridge ATV net for 
their help in producing this article. 


REFERENCE 
[1] BATC Membership Secretary, 
Dave Lawton, GOANO, 


Greenhurst, Pinewood Road, 
High Wycombe, Bucks HP12 
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HERE IS nothing like 

a demonstration to illus- 

trate a point, so I would 
strongly recommend this experi- 
ment. Onthe FM waveband, tune in 
BBC Radio 4, and adjust the vol- 
ume to give acomfortable listening 
level on ordinary speech. Then, re- 
tune toacommercial ‘pop’ station. 
Whether the content is music or 
speech, you will probably reach for 
the control to turn down the vol- 
ume. The reason for this is the 
subject of this article, although itis 
its application to amateur radio that 
concerns us most. Just like us (but 
even more so), the broadcasting 
companies must not over modulate 
or over deviate, so why is speech on 
one broadcast so much louder than 
on another? 


By George Brown, BSc, PAD béng. FEE, GWCY” 


FIRST STEPS 


THE WAVEFORM (as might be 
shown on a cathode ray oscillo- 
scope) of male speech, taken from 
a discussion programme on BBC 
Radio 4, is shown in Fig 1(a). Fig 
1(b) shows the waveform of male 
speech from a commercial radio 
station, and Fig 1(c) the waveform 
of music taken from the same sta- 
tion. All three recordings were made 
with the same audio gain setting 
(withno audio AGC), and are of the 
same length, so they are thus di- 
rectly comparable. The equipment 
used was an Icom IC-PCR1000 
receiver, a Soundblaster® PC 


Fig 1:(a) Asection of male speech from BBC Radio 4. (b) A section of male speech 
from acommercial radio station. (c) Vocal pop music from the same commercial 
radio station. 
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sound card, and proprietary soft- 
ware for recording wave files. To 
analyse these waveforms quickly, I 
wrote a short program in Visual 
Basic 6.0, which analyses the wave- 
form and calculates the power (in 
arbitrary units) in each wave. The 
results are summarised thus: 


Radio 4 

speech: Power = 138 
Commercial 

radio speech: Power = 504 
Commercial 

radio music: Power = 522 


For these random selections of 
programme output, you can see that 
there is almost four times as much 
power in commercial radio speech 
as there is in Radio 4 speech, and 
that the music played on commer- 
cial radio is only marginally louder 
than the DJ’s pearls of wisdom! 
This process of ‘making every- 
thing louder’ is called dynamic 
range compression, contrast com- 
pression or, simply, compression. 
As we amateurs are concerned only 
with speech, we know it as speech 
compression or speech processing 
and, for reasons to be discussed 
later, we use it only when working 
on SSB. 


THE PROBLEM 


SPEECHIS remarkably ‘spiky’ in 
nature, as Figs 1(a) and 1(b) show 
when viewed on a cathode-ray os- 
cilloscope. This spikiness causes 
us problems when we have to set 
the modulation level on our trans- 
mitters. On sideband transmissions, 
over-modulation causes splatter at 
the very least, and on FM transmis- 
sions it produces over-deviation. 


* 1 Langford Crescent, Benfleet, Essex SS7 3JP. 


n Introduction to 
peech Processing 


To avoid this, we must set the trans- 
mitter drive so that the peaks of our 
audio waveform do not over-modu- 
late. To illustrate this, use Fig 1 (a), 
and lay aruler on it horizontally so 
that itjusttouches the biggest nega- 
tive-going peak (we choose anega- 
tive-going rather than a positive- 
going peak, so that the ruler does 
not hide the waveform). You will 
now notice one thing — that the 
average modulating voltage (com- 
pared with our self-imposed maxi- 
mum) 1s very low. Inpractical terms, 
our transmission will lack ‘punch’, 
and will not be heard very well 
under difficult conditions. 


SOME SOLUTIONS 


IN VERY BASIC terms, what we 
need to do is to turn up the audio 
gain when the speech is quiet and 
turn it down when the speech is 
loud. Unfortunately, these varia- 
tions of loudness occur very 
quickly, often between syllables, 
and the technique is something 
which cannot be done manually. 
Two basic methods are used, one 
of which involves using an ampli- 
fier of non-linear transfer charac- 
teristic, the other uses automatic 
control of the audio gain. It should 
be understood at the outset that 
whatever technique is used, it dis- 
torts the speech waveform. This 
distortion is (hopefully) controlled 
so as to improve the intelligibility, 
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Fig 2: Using a non-linear transfer 
characteristic as the basis of aspeech 
processor. 
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Fig 3: Block diagram of a simple audio AGC circuit. 


even if the result is sometimes un- 
natural. 

Using anon-linear transfer char- 
acteristic is, in theory, probably the 
mostattractive solution. A transfer 
characteristic is the graphical repre- 
sentation of the output voltage from 
a device compared with the input 
voltage. Normally this should be a 
straight line, indicating that the out- 
put and input voltages are directly 
proportional. To achieve the de- 
sired result, look at the characteris- 
tic of Fig 2; notice that, forexample, 
a small input of 0.1 V will produce 
an output of about 0.5V (a gain of 
about 5), 0.2V will produce an 
output of about 0.6V (a gain of 
about 3), whereas a large input of 
1V will produce an output of 1 V (a 
gain of unity). Provided the input 
voltage never exceeds 1 V, the cir- 
cuit will produce an increasing gain 
at lower voltages. The main prob- 
lem with a technique such as this is 
that acircuit to implement itis quite 
difficult to design. It does have the 
advantage (see later) that nothing, 
physically changes as a result of 
changing input levels. The other 
techniques are simpler to imple- 
ment, but have their own disadvan- 
tages. 

Manually altering the audio gain 
control may be completely imprac- 
tical, but circuits can be made which 
will achieve the same result auto- 
matically. The operations involved 
are straightforward: 

(a) Rectify the audio voltage. The 
average value of an audio signal is 
zero, so rectification is needed to 
‘lop off’ the lower half of the signal, 
so that it does have a mean value. 

(b) Feed the rectified signal into 
a low-pass filter, a simple connec- 

_ tion of one resistor and one capaci- 
tor (see Fig 3). The output from this 
- filteris the mean value of the signal 
_ over short time periods, the audio 
components having been short- 
"circuited by the capacitor. 

(c) This varying mean value is 
then used to control the gain of 

another audio amplifier, the gain 


being reduced as the mean value 
increases. A block diagram of the 
circuit is shown in Fig 3. A buffer 
amplifieris a device which helps to 
separate the rectifier and filter from 
preceding circuits and to supply 
enough gain to operate the rectifier 
cleanly. 

A simple gain control circuit, 
eminently suitable as the basis for 
experimental work, is shown in Fig 
4. An N-channel JFET is used as 
one of a pair of feedback resistors 
in a standard non-inverting Op- 
Amp circuit. Connected this way, 
the resistance between the JFET 
drain and source depends upon the 
voltage applied toits gate. The over- 
all gain [1] is adjustable between 1 
and 1000 by changing the voltage at 
the control input. 


ATTACK & DECAY 


WHILE Fig 4 is quite a simple 
and acceptable circuit to use for 
automatic audio gain control, the 
derivation of the control voltage 
to operate it can be quite tricky. 
The simplest circuit, comprising 
the rectifier, capacitor and resis- 
tor, shown in Fig 3, is a good 
starting point. The values of the 
resistor and capacitor need to be 
varied in order that the circuit will 
act quickly to reduce the gain 
when a loud sound suddenly ap- 
pears (this is known as ‘attack’ ), 
yet will take a-little longer to 
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Fig 4: Asimple amplifier circuit where 
the gain is dependent upon the control 
voltage. The circuit supply voltage 
should be around +15V. 
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return to its initial gain (known as 
‘decay’) in case another loud 
sound follows-on quickly. Get- 
ting the attack and decay right is 
quite an art, and a circuit more 
complex than that of Fig 3 is 
usually needed. 


THE PROBLEMS 


NO CIRCUIT LIKE this is with- 
out its problems. Correct attack 
and decay are obvious candidates, 
and the solution is somewhat 
subjective, because no two peo- 
ple speak in exactly the same 
way. However, the overriding 
problem with all AGC-based 
speech processing circuits is that 
aloud sound must get through to 
the output before the circuit can 
react to reduce the gain. This 
means that, in unfortunate cases, 
transient peaks which are louder 
than they ought to be will get 
through to the output and could 
still cause transmitter over modu- 
lation. The overall drive must be 
backed off a little to allow for 
this. Nevertheless, speech 
processing, when properly used, 
is of great benefit to the SSB 
station working in crowded band 
conditions. In professional cir- 
cuits using this principle, the sig- 
nal between the main input and 
the input to the gain-controlled 
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amplifier in Fig 3 is subject to a 
short delay; which means that the 
gain can be turned down just in 
time for the delayed signal which 
caused it to reach the amplifier! 


OTHER METHODS 


SPEECH PROCESSING may also 
be achieved (and more effectively 
so) by performing the control op- 
eration on the RF signal, or by using 
DSP. Both these techniques are 
beyond the scope of this article, 
however. 


FINALLY 


WEHAVENOT discussed speech 
processing in the context of FM. 
FM is essentially a short distance 
mode, and interference from adja- 
cent stations is nota problem. Say- 
ing this removes the need for 
processing, hence the restriction of 
the discussions to SSB. 

Ifcircuits are useful, you can bet 
that they have been made into inte- 
grated circuits! The speech proces- 
sor is no exception, and one such 
device is the ‘VOGAD?’ inan 8-pin 
DIL chip, the SL6270 (Maplin or- 
der code UM73Q). 
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An Introduction to Noise 


DISE IS A PART of all 

our lives; we live with it 

largely without recognis- 
ing its effects. How many times do 
we say “Pardon?” because we 
haven’t heard something above a 
noise in the background? It is the 
cleverness of our ear and brain 
combination that allows us to hear 
most things over quite large levels 
of noise. 

No electronic system can yet 
equal man’s capability to see or 
hear in the presence of extraneous 
inputs, so it comes as no surprise 
that the disturbance of electronic 
systems by electronic noise is an 
area requiring much attention in 
their design. 


NOISE IN 
ELECTRONICS 


TO THE AVERAGE radio amateur, 
the word ‘noise’ simply means what 
comes out of the transceiver speaker 
when no station is being received. 
This is quite correct, but the way in 
which noise arises in the first place 
and how it is treated by amplifiers 
takes us to the root cause of the 
problem. The Concise Oxford Dic- 
tionary defines noise as “any sound. . . 
especially undesired” while science 
dictionaries focus on electronic noise 
as “any unwanted or interfering cur- 
rent or voltage”. 

The commonest source of elec- 
tronic noise is the random motion of 
electrons in a conductor. This mo- 
tion is caused by the temperature of 
the conductor, and increases when 
the temperature increases. So, any 
current flowing in the conductor 
carries fluctuations caused by this 
thermally-induced motion. The fluc- 
tuations are obviously very small, 
but are sufficient to produce noise 
voltages across conductors. This type 
of noise is called Johnson Noise or 
Thermal Noise. 

The random motion can be visu- 
alised simplistically as a vibration 
about a mean position; the vibration 
is random in terms of direction, 
amplitude and frequency, and 
changes in temperature cause 
changes in these parameters. 


* I Langford Crescent, Benfleet, Essex SS7 3JP. 


178 


By George Brown, BSc. PAD Céng FEE GY” 


Thermal 
noise input 


Thermal + amplifier 
noise output 
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Fig 1: Illustrating the concept of thermal 
noise. 


The RMS noise voltage, V, gener- 
ated in a conductor is given by the 
surprisingly-simple formula: 


V = J4kTRAf © 


where: 

k is a constant (see the Glossary), 

Tis the absolute temperature (also 
explained -in the Glossary), 

R is the conductor’s resistance in 
ohms, 

Af is the bandwidth (Hz) of the 
system which is measuring the 
Johnson Noise. 

We have already seen that the 
noise will increase with temperature 
and resistance, but just as important 
is Af, the system bandwidth. Sup- 
pose we have a noiseless amplifier 
(this is impossible, but is a useful 


Hal baat dt i 


hypothesis!) of bandwidth 1kHz, and 
at its input we have a resistor generat- 
ing Johnson Noise. We can measure 
the noise voltage at the output of the 
amplifier to be V__. If we now vary 
the amplifier bandwidth only - until 
it is now 4kHz - we will find that the 
output noise voltage has been dou- 
bled to 2V.,. This is because the 
bandwidth is under the square-root 
sign. This shows that a system should 
not have a bandwidth greater than is 
needed by the signal, because the 
noise content will be increased and 
the signal will not. 


EQUIVALENT NOISE 
TEMPERATURE 


THIS IS A useful concept, describ- 
ing the amount of noise contributed 
by an amplifier, for example. Con- 
sider the circuit of Fig 1. Here, a 
resistor is connected across the input 
of an amplifier. The resistor pro- 
duces Johnson Noise, which is fed 
into the amplifier. At the output of 
the amplifier is more noise, but we 
have no way of knowing how much 
of the noise has come from the 
resistor and how much from the 
amplifieritself. However, from equa- 
tion (1) we can calculate the tem- 
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Fig 2: Noise, as displayed on an oscilloscope. 


perature to which the resistor should 
be heated to produce the same 
amount of noise as is coming from 
the output of the amplifier. This 
temperature is called the equivalent 
noise temperature. 


NOISE FACTOR 


ALL ELECTRONIC devices use 
charge carriers (such as electrons) 
in order to work, All will generate 
noise because of this, but not nec- 
essarily in the same way or in the 
same amounts. An amplifier with 
no input will produce noise at its 
output; each component, each wire 
in the circuit will contribute some- 
thing towards it. Fig 2 shows noise 
as displayed on an oscilloscope, 
and explains the name given to 
this type of display — ‘grass’. Its 
basic characteristics do not change 
even when the timebase speed is 
changed. Johnson Noise is also 
called ‘white ndfse’ because it con- 
tains all frequencies in equal 
amounts. Any wanted signal 
having an amplitude smaller 
than the ‘grass’ will be lost. 
All electronic processes gen- 
erate noise, and the noise fac- 
tor is used to quantify the 
amount of noise added to a 
signal by a system. 

Noise factor = pede 

Output S/N ratio 


at 


| 
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So now you know why some radio 
telescopes use cryogenically cooled 
amplifiers in their receivers. The lower 
temperature results in less noise, 
so they can pick up weaker signals. 


Mike & Victor 
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OTHER NOISES 


Johnson Noise is due to the random motion of electrons due to their 
thermal energies. Other types of noise are generated because of the 
discrete nature of the electron (ie assuming that the electron is a very small 
particle). These noise types were noticed originally in thermionic valves, 
where the current in the valve was a beam of individual electrons being 
fired at the anode and sometimes intercepted by other electrodes. 

Shot Noise (also known as Schottky Noise) is caused by the discrete nature 
of electrons. It is normally assumed that the current in a transistor or FET 
is constant but, because the current is a flow of electrons, the current we 
measure is only the statistical time-average of the actual numbers of 
electrons flowing per second. For very small currents, the difference 
between the average and the actual values can be quite different, leading 
to significant current perturbations. 

Flicker Noise is not fully understood, except that it increases as the 
frequency decreases, and thus is important principally in audio and DC 
amplifiers. 

Partition Noise is generated in valves where the beam of electrons from 
the cathode is divided between, for example, the anode and the screen 
grid. The discrete nature of the beam again results in the division of current 
being a statistical process, producing different noise currents in the 
cathode, screen grid and anode leads. 

Induced Noise occurs mainly in valves operating in the VHF/UHF/ 
microwave region. The existence of an electron beam in the vicinity of 
another electrode can induce noise into the circuit of that electrode. In 
microwave valves, this is the dominant process by which beam noise is 
coupled into the output circuit. 

Phase Noise emanates from oscillator circuits as sidebands on the carrier 
frequency. Frequency synthesisers are particularly prone to this, and 
cause design problems in transmitters and receivers. 

Ignition Noise, unlike the other types of noise discussed so far, comes 
under the commoner heading of interference, and is suffered by any 
receiver in the vicinity of an insufficiently-suppressed car engine. It is 
removed by the noise-blanking circuits [1] in most receivers. 
Atmospheric Noise is a persistent problem at frequencies below about 


SIGNAL-TO-NOISE 
RATIO 


THIS RATIO (S/N) simply meas- 
ures the ratio by which the signal 
is greater (or less) than the noise at 
a particular point in a system. Be- 
cause all systems add noise to the 
incoming signal, the output S/N is 
always less than the input S/N. 
This may not be obvious, so an 
example is useful. The figures 
are not representative of a real 
system, but are chosen to illus- 
trate the point. 

Consider an AC input signal of 
10mV mixed with 0.5mV of noise. 
In simple terms, the S/N ratio is: 

10/0.5 = 20 

It is fed into an amplifier of 
voltage gain 100 which adds 
15mV of its own noise. 

The total signal emerging from 
the amplifier comprises: 


Output signal 
= 10mV x 100 
= 1000mV 


Output noise 
=0.5mV x 100 (amplified 
input noise) + 15mV (amplifier 
noise) = 65mV 


Downs. 


Output S/N ratio 
= 1000 / 65 
= 15.4, compared with the 
input S/N ratio of 20. 


Thus, the amplifier noise factor 
= PAO) NS 
= 113} 


In practice, the values would be 
different and both S/N ratio and 
noise factor would be quoted in 
decibels. 


FINALE 


IN A CONCISE introduction 
such as this, the concept of noise 
can be only superficially ad- 
dressed. Those readers wishing 
to delve further into this arcane 
world are recommended further 
reading [3]. 
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[1] P Hawker, Amateur Radio Tech- 
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p 29-2. 

[3] The VHF / UHF DX Book, DIR 
Publishing, 1992, pp 4-2 — 4-14. 


ABBREVIATIONS AND SYMBOLS 


AC 
Coherent 


Alternating Current 
‘Coherent sidebands’ means that the upper and 


lower sidebands have a definite phase relationship. 
dB The decibel — every 3dB implies a doubling 
of the power, and every -3dB a halving of 


the power. 


Boltzmann’s constant; it has the value 

1.38 x 10°3 J K" (read as Joules per Kelvin). 
kilohertz - one thousand Hertz 

millimetre - one thousandth of a metre 
millivolt - one thousandth of a Volt 

Printed Circuit Board 

Location as given in the RSGB Yearbook 
Receiver Incremental Tuning 


10MHz, and is some 40dB greater than thermal noise at these frequencies. 
Above 10MHz, its magnitude decreases at about 20dB for each doubling 
of frequency (20dB per octave) [2]. 

Galactic Noise from outer space is about 20dB above thermal noise at 
frequencies around 20MHz. Above this frequency it diminishes at 20dB 
per decade {2}. It is the means whereby radio astronomy is possible. 
Transmitter Noise is present in all transmitted signals. Any phase noise in 
the carrier is mixed with the phase noise of local oscillators and mixers to 
produce a complex set of coherent sidebands together with any wideband 
noise which may be present. Similar problems exist in the receiver. 
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Root-Mean-Square, itis a way of specifying the 
voltage of an alternating-current source. For 
example, when we talk about the 240V mains, we 
really mean the 240V RMS AC mains. It is the 
reading we see when we use an AC voltmeter. 

A type of coaxial socket 

Synthetic Resin Bonded Paper 

Absolute temperature, measured in Kelvin. 
To derive temperature in Kelvin, add 273 to 
the Celsius temperature. 

Volt - the unit of electrical potential 

Variable Frequency Oscillator 


DowniTozas 
Simple HF Antenna With Gain 


OW THAT THEnewsun- 
spot cycle is beginning to 
show improvements on 


the HF bands, activity is increas- 
ing. One disadvantage that many 
new operators have is that they are 
limited to just a simple dipole an- 
tenna and in particular with Nov- 
ices low power. 

Described below is a simple 
wire antenna which has a gain of 
about 3dB over a dipole, but has 
the advantage over a beam in that 
it is simple to construct and more 
particularly is as unobtrusive as a 
dipole. No originality is claimed 
for the antenna, which is based on 
the ‘Zeppelin’ antenna used on 
German airships up to the late 
1930s. This version is a stretched 
or Extended Double Zeppelin, 
which consists of two collinear 
elements fed in phase to give gain. 
The arrangement is shown in 
Fig 1. 


PROPORTIONS 


THE ANTENNA consists of two 
elements 0.642 long, which are 
centre fed using a section of 450Q 
open wire feeder. The open wire 
feeder could be extended all the 
way to the shack and a balanced 
ASTU used to match the antenna 
to the transceiver, but instead of 
this and for convenience, a short 
section of 450Q feeder is used to 
act as a matching section. The 
antenna is then directly fed with 
50Q coax. 

The matching section is 0.145 
long, but as this is constructed 
from twin feeder the velocity fac- 


A=0°64A 


B=0-145A 
4502 teeder 


502 
coax cable 
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Fig 1: Schematic of the Zepp, with 
dimensions in wavelengths. See 
Table 1 forthe dimensions for various 
amateur bands. 
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Fig 2: The ends of the antenna wire 
are wrapped around insulators and 
soldered. 


tor needs to be taken into account. 
The antenna is balanced and coax 
is unbalanced so a 1:1 balun is 
used to reduce the possibility of 
interference. Such a balun can be 
constructed in a number of ways, 
but for cheapness a coaxial choke 
balun can be used. This consists 
simply of 5 turns of coaxial cable, 
coiled in a 10cm diameter coil, 
located close to the feed point of 
the antenna. 

Although the antenna was origi- 
nally intended for 10m, the di- 
mensions in Table 1 give the sizes 
for all bands from 15m to 2m. The 
prototype was built for 2m and all 
subsequent dimensions have been 
produced by scaling. 


CONSTRUCTION 


THE PROTOTYPE antenna was 
made from 16 SWG uninsulated 
copper wire, but a better material 
forthe HF bands would beastranded 
wire such as ‘Flex Weave’ as this 
would allow for some movement 
of the antenna in the wind. The top 
section should be cut to the dimen- 
sions shown in Table 1, and care 
taken to ensure that this dimension 
is from the electrical end of the 
wire, ie if an end insulator is used 
then this would be the cen- 
tre point in the insulator 
and not the section which is 
folded back to provide the 
strength (Fig 2). The size of 
the top sections should be 
rigidly adhered to, while 
450Q feeder should be |? 
made slightly longer than 


6(SSB) 
6(FM) 
the matching section of | 4 


given in the table so that the con- 
nection point to the coax can be 
adjusted to provide a good match as 
measured on a SWR meter. Care 
should be taken when measuring 
the lengths, especially on the VHF 
bands, and the old adage of measur- 
ing twice and cutting once remem- 
bered. The 450Q feeder used for 
the prototype was constructed from 
the same 16 SWG wire as the main 
part of the antenna and the wires 
kept 25mm apart using pieces of 
hard plastic as spacers. This method 
of construction is suitable for VHF 
antennas as the length of the feeder 
is relatively short, But for the HF 
bands the use of commercial 450Q 
feeder is a more practical option 
due to the extra length involved. 
When constructing the antenna 
care should be taken to ensure that 
all the joints are soldered and wa- 
terproofed to prevent the ingress 
of moisture, especially into the 
coaxial cable. The method of wa- 
terproofing I prefer is to encase 
the connections in a 35mm film 
canister, and then seal it with self 
amalgamating tape to ensure that 
it is watertight (see Fig 3). If you 
are not a photographer then ask- 
ing at your local chemist or a shop 
with in-house film processing will 
often lead to a good supply of 
these containers. 
An alternative container can be 
made from the plastic ‘corks’ which 
areused with some sparkling drinks. 
There are a number of sealing or 
caulking compounds available 
which should not be used, as they 
give off acetic acid (vinegar) fumes 
when curing and cause corrosion of 
the soldered joints and cable. 


Frequency Radiators (A) 4500 feeder 
length (m) 


(MHz) 
21.225 
24.950 
28.300 
50.200 
51.500 3.73 
70.25 2.73 
145 1.32 


length(m) 
9.05 
7.69 
6.78 
3.82 


1.95 
1.66 
1.46 
0.82 
0.80 
0.59 
0.29 


Table 1: Antenna Dimensions. 


MOUNTING 


THE ANTENNA can be mounted 
vertically or horizontally, although 
this will usually depend on the 
bands and modes used. 

On the HF bands it is more 
conventional to use the antenna 
horizontally (horizontal polarisa- 
tion), while on VHF the antenna 
can be mounted horizontally (hori- 
zontal polarisation) for SSB or 
vertically (vertical polarisation) for 
FM and packet. 

The prototype antenna was 


4502 
feeder 


Coax cable 
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Fig 3: Use of a 35mm film canister to 
provide weatherproofing at the feed 
point. 


made for 145MHz and although it 
did not give as good a result at 
ground level as my main station 
antenna (a collinear at 8m) it 
showed a significant improvement 
on the flexible antenna supplied 
with my hand-held transceiver. As 
a result I could access a repeater 
about 45km from my house run- 
ning 1.5W froma hand-held trans- 
ceiver. The measured SWR was 
1.3:1 at the band edges and 1.2:1 
at the band centre. 

On the HF bands the antenna 
should give a gain of about 3dB 
gain compared to a dipole, with 
the main direction of ra- 
diation at right angles to 
the antenna (ie a north- 
south antenna will radiate 
east-west), although this 
will depend on the height 
above ground and nearby 
objects. + 
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edited and translated by Erwin David, G4LQl 


'f “HE TEST REPORTS on digital signal 
processors promised true miracles; I 
bought one. And truly, in the noise 

reduction mode, the noise was gone; but so was 

the readability! [1] A new version of the soft- 
ware did not produce substantial improve- 
ment. The DSP unit is only used now in the 
filter mode for difficult CW QSOs. 

The Analog Devices SSM2000 IC [2], works 
on the HUSH(C) principle, developed and 
patented by Rocktron Corporation. 


Henno Schotten, DJIFO, was 
disappointed with the noise reduction 
feature of his audio DSP add-on unit. 
He found that an analogue IC 
designed for noise reduction in high- 
fidelity stereo music worked better. 
From CQ-DL 11/98. 


C(ontrolled) A(mplifier)s. In contrast to dig- 
ital processes, VCFs and VCAs have low dis- 
tortion and add 
negligible noise 


jem! 
Gain Mute 


Fig 1: Block diagram of one channel of the Analog Devices SSM2000 IC. 


HOW IT WORKS 

THE HUSH SYSTEM can distinguish be- 
tween signal and noise because the volume and 
frequency spectrum of speech or music con- 
tinually change; by contrast, the noise ampli- 
tude and frequency spectrum remain relatively 
constant. 

Following the block diagram in Fig 1, the 
audio signals (L and R, as required for stereo 
sound) are processed to extract information 
concerning the frequency distribution and 
amplitude of both, signal and noise, passing 
through low-pass V(oltage) C(ontrolled) 
F(ilter)s and then through V(oltage) 


AL Nee recucten 
Ay Noses loft 


Ind 


Fig 2: DJ1FO’s noise reduction circuit, for use in a communication receiver. 
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is ‘ e Noise fi : 
VCF By threshold detector | 


detector |. 


detectors : 


of their own. The 
cut-offofthe VCF 
and the gain of the 
VCA can be set 
as required by the 
application. With 
control signals 
derived by a pro- 
prietary algo- 
rithm and applied 
to both VCF and 
VCA, a noise re- 
duction of up to 
25dB can be 
achieved. 
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DJ1FO APPLICATION 

LOOKING AT THE diagram in Fig 2, the 
signal comes in to pins | and 2. It comes back 
out, amplified by a factor of 3, to pin 9, from 
where it is fed unaltered to the VCA detector 
(pin 10) and through a three-pole high-pass 
filter to the VCF detector (pin 8). Fig 3 shows 
the two frequency responses, here optimised 
for hi-fi music; for narrow-band voice signals, 
it would be appropriate to move the frequency 
response of the three-pole filter downward, by 
making the capacitors bigger, [eg approx. 5 
times, to 100, 100 and 10nF respectively - 
G4LQI]. In the IC, the voltages at pins 8 and 10 
are expanded 
downward, which 
helps to suppress 
noise spikes. 

The time con- 
stant for the decay 
of the control volt- 
age to the VCFs is 
set by the 1 uF ca- 
pacitor on pin 11. 
The noise thresh- 
old is ‘held’ on the 
220nF capacitor 
onpin 15. The con- 
trol voltage to the 
VCA decays ac- 
cording to the 
value of the ca- 
pacitor on pin 12. 
The lower cut-off 
frequencies of the 
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VCFs are determined by the 1.5nF capacitors 
between pins 3 & 4, and 21 & 22. 

The supply voltage on pin 5 is decoupled by 
the BC548 emitter follower. The op-amp, holds 
pins 6, 7 and 14 on half the supply voltage. The 
switch on pin 16 allows the noise suppression 
to be disabled. 


RESULTS 

THE UNIT WAS built on a double-sided 52 x 
33mm PCB. Except for the DIL ICs, SMD 
components were used throughout. Through- 
connections are by way of the terminal pins 
and the pins of the DIL sockets, which are 
soldered on both sides. The two 1.5nF capaci- 
tors were soldered directly to the IC. 

There are no adjustments. As an audio input 
of 0.3V is recommended, the noise suppressor 
was installed between the product detector and 
the volume control of the receiver, an old 
Drake R4-C. The product detector output is fed 
to both the L and R inputs of the SSM2000. The 
sum of these inputs is applied to pin 9 for the 
VCA and VCF controllers. The output to the 
volume control is taken from one channel only. 

The manufacturer claims a noise reduction 
of up to 25dB in hi-fi systems. This cannot be 
obtained with speech, but the performance is 
very pleasing as it is achievgd without audible 
distortion of the wanted signal. 
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Fig 3: Low frequency roll-off to pin 8 through the 3- 
pole filter in Fig 3 and without filter to pin 10. ° 


NOTES 

[1] G4LQI’s experience is similar. The DSP 
noise reduction works on weak but steady 
signals just above a constant noise level, mak- 
ing them less tiring to listen to, though under no 
circumstances is an unreadable signal made 
readable. On HF SSB, where both the speech 
and the noise levels constantly vary, the DSP 
noise reduction does not work, though the 
automatic notch filter is very effective against 
“tuner-uppers’. 

[2] A 16-page data sheet for the SSM2000 can 
be downloaded from http://www.analog.com 
The IC is available from Maplin. + 


* 22 Island Wall, Whitstable Kent CTS 1EP. 
E-mail: e2david@compuserve.com 
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ESIDES MANY sales stands, there 
B was a good number of ‘show and tell’ 
tables where individual amateurs dem- 
onstrated what they had built or collected. 
These ranged from 1930s antiques and repro- 


ductions of antiques to the latest equipment 
and systems designs. 


SOME EXAMPLES 

PAOKSB HAS DESIGNED a simple digital 
frequency meter up to 40MHz of which he 
showed a working prototype, Fig 1. It features 
a 16F84 PIC microprocessor on an EPROM 


| PIC 16F 84 
microcontroller 


3x HEF 4094 
shift registers 


8 digit 
LCD display 
888sesseee 
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Fig 1: PAOKSB’s digital frequency meter. 


(‘blown’ by Klaas himself). A 4MHz crystal 
controls the timebase; the resolution is 10Hz. 
The 8-digit display is froma TI-507 calculator; 
six digits were used; the remaining two will be 
needed when a planned pre-scaler is added. 
Extending the hair-fine wires in the ribbon 
coming out of the display was a major achieve- 
ment which Klaas would not do again; a friend 
had built a second prototype with individual 
LEDs and drivers. A description is planned but 
is not available as yet. 

PA3GYG showed a loop antenna for 
144MHz; it was a 28in aluminium bike wheel 
rim, sawn open to make a feedpoint. The idea 
is DJ3RW’s, writing in the German Funkmaga- 
zine 5/98. 

PAORDT demonstrated a system to display 
the overall selectivity curve ofareceiver. Wide- 
band noise is fed into the antenna socket of a 
receiver; its audio output is plugged into the 
microphone input of a sound card in a PC 
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edited and translated by Erwin David 


The ‘Day of the Amateur’ is an 
annual fixture on the VERON (the 
Netherlands national radio society) 
activities calendar. Lectures, 
presentation of awards, a Morse 
code speed contest, a flea market 
and an exhibition of home 
construction projects are featured. 
G4LQI reports what he saw in 
Apeldoorn last Autumn. 


running the SpectraPlus program of Sound 
Technology. A free demo of this program can 
be downloaded from the Internet. The address 
is: info@soundtechnology.com 

PEIECZ is a tool maker who applies his 
craft to his hobby. He mills PCBs, using den- 
tists bits. He can leave a copper track between 
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Top view 


Side view 
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Fig 2: Outline of an SOT143 SMD semiconductor 
package. 


the solder lands surrounding the holes for two 
0. lin-spaced DIL pins. 

The Dutch Radio Authority has anew moni- 
toring network. Ten unmanned receiving sta- 
tions cover the whole country. Their HF, VHF 
and UHF receivers are controlled and moni- 
tored from a manned central location. Two 
vans, fully equipped with receivers, frequency 
analysers, etc, are available for on-the-spot 
measurements; one of these was parked in the 
hall and visitors were invited in for a demo. 
Mouth-watering. 


Mounting an 
SMD discrete 
semiconductor. 


SMD 
SEMICONDUCTORS 
WANDERING AROUND the 
stands, I saw several home-built 
receivers using dual-gate MOSFETs such 
as BF981 or 40673. Knowing that these are 
no longer made, they now come only as 
SMDs (surface mounted devices) including 
the BF998, I went looking for expertise in 
the amateur use of SMDs. Neither PAOKSB, 
whose ‘ugly’ construction graced the front 
cover of a recent Electron, nor anyone else 
I spoke to had tried SMDs. 

I later asked David Mackenzie, GM4HJQ, 
who had broached the subject in Technical 
Topics in RadCom 11/97. David stated that 
SOT23 (three tabs) or SOT143 (four tabs) 
semiconductor packages, as shown in Fig 2, 
can be hand-soldered to PCBs or Veroboard. 
It takes a steady hand, good eyesight (or an 
industrial inspection lamp, ie a big magni- 


4 tabs soldered to tracks 
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Tracks cut here 


Fig 3: SMD dual-gate MOSFET soldered to a bit of 
Veroboard. 


fying glass surrounded by a fluorescent light) 
and a small-tipped 12W or constant-tem- 
perature soldering iron. 

See Fig 3 and the photo of samples 
provided by GM4HJQ. 4 
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9JNH WROTE: “The onset of au- 
Hi (1997) raised my expectations 
of 40m DX, even with low power. I 
wanted to try it with my newly-built TenTec 
1340 single-band 5W CW transceiver. Using 
my 2x20m double-Zepp antenna, I enjoyed 
many daytime Europe QSOs but as darkness 
fell, signal levels at the antenna input in- 
creased to where the simple receiver was 
overpowered; even European QSOs became a 
pain. 
An input attenuator, 12 - 20dB, did bring 


Filter 1 
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Fig 1: The circuit ofaceramic 7MHz bandpass filter. 


relief, and European evening QSOs were 
possible again, but the S2 signals from Aus- 
tralia had disappeared along with the inter- 
ference. 

A much more elegant solution is a 
preselector filter, which must have a low 
insertion loss within the 7MHz amateur 
band and the greatest possible attenuation 
outside it, especially at frequencies just 
above our band, where the most bothersome 
AM broadcast transmitters are. Tests with 
several types of filter and a spectrum 
analyzer proved the point, but not adequately 
so; real progress was made only after an 
article by a French amateur called our atten- 
tion to ceramic filters. 


A PRACTICAL PRESELECTOR 
USING A MURATA SFE 7.02MHz ceramic 
filter, we tried several arrangements; the 
one in Fig 1 proved best and is easily dupli- 
cated. The proper filter termination is 300Q, 
so matching transformers from and to 50Q 
are required. These consist of Amidon FT37- 
77 ferrite rings with 28 turns of 0.28mm 
enamelled copper wire, 
tapped at 10 turns from the 
earthy end. The optimum 
value for the coupling capaci- 
tors is 1OOpF. 

The measured result is 
shown in Table 1 and Fig 2. 
The passband attenuation of 
4.5dB is acceptable on 7MHz 
and the 7.2MHz response of - 
26dB is very valuable. Sev- 
eral of these filters were built. One is in- 
stalled in my TenTec transceiver; another 
in a metal case with coax connectors which 
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After dark, megawatt broadcast sta- 
tions just above our 7MHz band 
swamp that band on all but the best 
receivers. Max Kélz, HB9AFR, 
and Markus Zimmermann, 
HB9JNH, sourced 7MHz ceramic 
filters and applied them in circuits 
which alleviate that problem. From 
Old Man 10/98. 


permits its use with different receivers. 

With the TenTec, ZL, JA, ZS and VE 
stations were heard on several evenings, in 
the clear and with signal strengths of S2-S4. 
Even an Afghan station was logged repeat- 
edly calling CQ Europe for all of five min- 
utes; as no-one answered, I assume no-one 
else could hear it. 

The encased filter was tried with a variety 


. of transceivers. The results were most con- 


vincing. If serious 7MHz DX is to be at- 
tempted with an inexpensive or mid-priced 
transceiver, such a filter is a must. Profes- 
sional and top-of-the-range amateur receiv- 
ers do not need extra filtering. 
Meanwhile, in the 7MHz module of my 
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7-0 


7-3MHz 


1section 2 section 


Fig 2: The attenuation plots of one and two section 
ceramic 7MHz band pass filters. 


Filter 1 Filter 2 


Fig 3: The circuit of a two-section ceramic 7MHz bandpass filter. 


Scout-555 transceiver, the original 
preselector filter was replaced by this ce- 
ramic model. The improvement is incred- 
ible; the nocturnal frying noises are gone 
and between stations the S-meter drops back 


to S2; previously, it never fell below S7. As 
the transmitter drive also passes through the 
filter, output is reduced by about 35%, but 
that is a price well worth paying for the 
dramatically improved receive performance. 

In the odd case when an attenuation curve 
with even steeper sides is required, two 
filter sections can be cascaded, albeit at the 
expense of additional insertion loss. The 
circuit is shown in Fig 3 and the test data in 
Table | and Fig 2.” 


One 
Parameter section sections* 
Insertion loss at 7.0MHz(dB) 4.5 7.0 
Passband ripple (dB) 2.0 3.8 
VSWR within the pass band —1.8:1 SA 
Response outside passband 
at 6.7MHz (dB) -45 -66° 
at 6.83MHz -34 -64 
at 7.2MHz -26 -42 
at 7.3MHz -48 -66" 
+ C3 = C4 = 390pF (the only ones at hand) 
* Limit of measurement 


Table 1: Test data for one- and two-section 7MHz 
ceramic filters. 


SOURCES OF SUPPLY 

7MHz CERAMIC resonators are hard to 
find. The SFE 7.02 is a ‘standard’ Murata 
OEM product, but the minimum order quan- 
tity is 1000 pieces. HB9JNH was able to 
talk one distributor into selling him small 
quantities, but on condition he did not dis- 
close his source to other potential retail 
customers. 

Markus then decided to make kits contain- 
ing ceramic filters(s), capacitors, cores and 
winding wire for one and two section filters 
available to other amateurs. 

That raises a problem for non-Swiss buy- 
ers: payment. The bank charges for small 
foreign-currency transactions are 
disproportionally high. From abroad, 
Markus will accept only pre-payment in US 
Dollar notes: $12 for a single-section filter 
kit, $15 for a two section 
filter. Postage within Europe 
is included; outside Europe 
it is $3 extra. 

Markus states that first- 
class mail with merchandise 
under £20 does not attract 
UK customs duty; and he 
should know, having lived 
in the UK as GOLZK! Deliy- 
ery is 4 weeks maximum. 

Further enquiries to Markus Zimmermann, 
Toenler ,2, CH-9548 Matzingen. 
E-mail: 100724.2637@compuserve.com 

Neither the RSGB nor G4LQI will bea party 
to any transaction resulting herefrom. + 
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edited and translated by Erwin David 


FTER YEARS of experimenting with 
A= antennas [1] I wanted to have 

something to compare these with. Inthe 
first instance I wanted to listen to LF beacons, 
which required a range of 200 - 600kHz. A multi- 
turn tuned loop seemed the best option, but be- 
cause of its self-capacity the desired frequency 
range cannot be achieved with a reasonable-size 
tuning capacitor. Switching turns did not work 
well, because of coupling between the sections and 
even greater parasitic capacities. A bank of capaci- 


euro tek 


There are many aspects to LF 
reception. Walter Geeraert, 
PEIABR, who listens not only for 
amateurs but also for LF DX 
beacons, gets good results with a 
big aperiodic co-ax loop antenna, 
augmented for 136kHz by a 
preselector filter. Condensed from 
Electron (NL) 2/99. 


tors with steps of 1-2-4...128 
with 8 switches providing 256 
steps up to many nanofarads 
worked well, but was not suit- 
able for installing outdoors. 


A SHIELDED LOOP 
READING ABOUT a 2m 
diameter loop wound from 
100m of coax (total turns area 
of about 200 square metres) I 
thought it worth a try. Tuning 
it over a wide range was out 
of the question because of the 
cable capacity, so it would 
have to remain untuned. I 
tried the principle with a sin- 
gle turn of | square metre, but 
the signal output was next to 
nothing. How about a very 
large single turn? 

Between a pipe on the 
chimney with its top at 8m 
and a 5m pole at the bottom 
of the garden 30m away, I 
could hang a coax [2] loop of 
approx. 6m average height 
by 25m long, almost 150 
square metres (see Fig 1). 

The feeder and both ends 


Halyard 


Outer left 


J—=Earthrod as 


deep as possible 


Fig 1: Schematic diagram of PE1ABR’s untuned shielded VLF-MF receiving loop. 


of the loop are brought into a weath- 
erproof box separately, permitting 
either loop end to be connected to 
the feeder, with the core of the other 
end earthed and its outer left open. 
At first the lower run was just above 
ground, but later in a plastic tube just 
below the surface. It made no differ- 
ence to the signal strength or noise. 

Low frequencies penetrate deep 
into the earth, hence a long ground 
rod helps to reduce noise. Mine is a 
copper tube sunk 5m into the earth 
by squeezing the lower end until it is almost 
closed, then connecting the top end to the 
garden hose and drilling down with water 
power. Luckily, there are no rocks in the soil 
here. 

The LF signal output from the coax loop is 
on a par with an odd piece of wire only 5 or 
10m long, ie much lower than from the old 
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Fig 2: A preselector filter for the 136kHz band. 


active antenna. The weaker stations, S3 or S4 
on the active antenna, are SO on the loop, but 
noise and QRN were down even more! Shorting 
the inner and outer of the coax at point X in Fig 
1 virtually killed reception; even the strong 
broadcast stations were very weak; with RGS8C/ 
U coax, the shielding worked! 

The conclusion: An amplifier is needed to 
add gain. [This will be the subject of next 
month’s Eurotek - G4LQ1] 
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RESULTS 

THELOOP HAS greatly expanded my listening 
horizons. LF beacons were heard from Gander to 
Miami and east to the Persian Gulf. A list can be 
downloaded from http://web.inter.nl.net/hcc/ 
Shortwave 

1.8MHz signals which were inaudible on 
the active antenna or the ‘odd wire’ emerged 
from the noise. Maximum LF response is in 
the plane of the loop, but the nulls do not 
seem to be deep. 

My receiver has inad- 
equate preselection for weak 
stations in the presence of 
loud neighbours, so I use an 
antenna tuner. One, tuning 
125-150kHz, is shown in Fig 
2. The I1mH coils must be 
high-Q. Those I wound on 
orange ferrite rings were not; 
blue Neosid formers with 
dumb-bell shaped cores 
worked better [3]. 

With this preselector, 
136kHz amateur stations re- 
ceived include G2AJV, 
G3LDO, G3XTZ and EIOCF. 


NOTES 
[1] Strictly speaking, 
PEIABR’s big untuned 
shielded loop plus amplifier 
is an active antenna. 

[2] In selecting coax, con- 
sider the following: 
@ If only a narrow band 
such as 136kHz is of inter- 
est, a coax loop can be tuned, 
the coax capacity being a 
useful part of the capacity 
needed for resonance 
[PA3HCD}. 
@ In an untuned loop, however, 
the cable capacity reduces the out- 
put, hence low-capacity is an ad- 
vantage. 
@® Cheap TV antenna coax pro- 
vides less noise-shielding than pro- 
fessional types. 
@® Coax will not support its own 
weight over a long stretch; it should 
be lashed to or wrapped around a 
tensioned ‘messenger’ wire. At the 
loop corners, sharp bends must be 
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avoided. 
®@ Larger-diameter coax is heavier and catches 
more wind, needing sturdier supports. 
@ Where subject to movement, coax with a 
stranded or copper-clad steel centre conductor 
is preferred [RG62A/U (47pF/m, copper-clad 
steel inner) may be a best-buy - G4LQ/]. 

[3] Toko part 187LY-102J, Cirkit Stock 
no. 34-10201, with Q>90, seems suitable 
[G4LQ]] 4 
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edited and translated by Erwin David, G4LOl 


WIDE VARIETY of ‘RF pick-up 
Assen can be called ‘active anten- 

nas’, as they combine the antenna 
proper with an amplifier. Included are the 
tuned loop with amplifier/Q-multiplier [1] by 
CN2AQ (SK); the untuned small loops with 
aperiodic amplifiers in G3FNZ’s directional 
receiving system [2]; and, most widespread, 
the short whip with integral amplifier de- 
scribed here. 


WHIP WITH INTEGRAL 
AMPLIFIER 
A VERY SHORT antenna, ie a monopole 
less than A/10 at the highest frequency to 
be received, has a virtually constant sensi- 
tivity below that frequency. That is ideal 
for ‘all-band’ receivers. The small size 
permits installation high and in the clear, 
ie outside the domestic QRN fog. 

There are caveats, though. Electrically, 
a very short antenna is a very small signal 
source in series with a very high capacitive 
reactance. To get a reasonable output, it 
must work into a very high impedance 
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Fig 1: Broadband pre-amp for a 1m long monopole 
by AP Cheer (Electronic Engineering 8/83). 


load, eg a FET gate. Because there is no 
preselection, the amplifier must be ultra- 
linear, lest the intermodulation products of 
strong stations at any frequency bury the 
weak wanted signals. The bigger the an- 
tenna, the greater the linearity require- 
ment. 

Locating the antenna as high as possible 
makes the amplifier susceptible to damage 
from static discharges during thunder- 
storms. Gas discharge cartridges [3] and 
diodes offer some protection, but accessi- 
bility to replace the FET is desirable. 

To preserve the advantages of installa- 
tion in a low-noise location, noise picked 
up by the outside of the coax from the 
antenna amplifier to the receiver must be 
prevented from reaching the amplifier in- 
put. [On HF, that is easy; ten turns of the 
coax on a ferrite ring just below the ampli- 
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Active receiving antennas are 
small in respect to wavelength, 
use an amplifier to boost signal 
power while providing a match to 
the receiver input and assure the 
best possible ORN immunity. 
Described below is the amplifier 
used by Walter Geeraert, 
PEIABR, with last month’s big 
coax loop (Electron 2/99) and a 
more generalised design by A P 
Cheer (Electronic Engineering 8/ 
&3), commented on by PAOSE 
(Electron, mid-1980s). 


fier will be effective; but on 137kHz? A 


- pair of E-cores [4] liberated from a 200W 


switching power supply of a computer 
wound full of the smallest available coax 
probably are the best one can do - G4LQ/]. 

Fig 1 shows a typical diagram, to which 
the protective devices have been added. 
The voltage gain is given as 6dB, the 1dB 
compression point as 8dBm and the fre- 
quency range as LF through HF. 


PA1TABR WIDE-BAND 
AMPLIFIER 

WITH THE HIGHER composite signal 
of the big shielded loop, (BBC Radio 4 
on 198kHz produces $9+20dB without 
an amplifier) the linearity requirements 
for the amplifier are much greater. The 
circuit shown in Fig 2 fills that bill. That 
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amplifier existed, but its 50Q input was 
not designed for this loop; PAIABR 
therefore recommends the use of a tuner 
between the antenna and the amplifier 
[5]. He also has a choice of 50 
attenuators used at the input or output of 
the amplifier; the latter does not over- 
load, but his receiver does! 

The static discharge problem and the 
danger of feeder pick-up are less here, 
because the outer conductor is earthed at 
the feed point of the antenna. A gas dis- 
charge cartridge is used at that point, 
though, and a relay removes the amplifier 
input from the feeder when not in use. 

The amplifier is capable of 20dB gain; 
inverse feedback is used to reduce the 
voltage gain to where it is wanted for 
weak-signal reception. The amplifier is 
linear up to an output of >10V p-p. 

The transformers, on orange Philips 
27mm OD toroids [6], are effective from 
below 15kHz to above 10MHz. A bifilar 
choke in the lead from the wall-plug mains 
transformer suppresses any mains-borne 
noise. 


REFERENCES 

[1] Eurotek, RadCom 4/97. 

[2] HF Antenna Collection p.106 (RSGB) 
[3] HF Antenna Collection p.228/9 (RSGB) 
[4] Amidon EA-77-625 or similar 

[5] The bandfilter in Fig 2 of Eurotek 4/99 
does not match the antenna to 50Q. A 1- 
100nF capacitor box in lieu of the 22nF input 
capacitor would do that, but with plenty of 
signal available this is superfluous. 

[6] 27mm OD orange Philips cores are of 
3E25 ferrite material. A, = 6500. + 
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Fig 2: PE1ABR’s broadband pre-amp, as used with his LF coax loop antenna (Eurotek 4/99). 
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ROM 22-25 APRIL 1999 the public 
HF was treated to a well-publicised telecom 

extravaganza, culminating, on the Sat- 
urday, inare-enactment of that first QSO in the 
presence of Principessa Elettra Marconi and 
Mlle Branly, respectively daughter and grand- 
daughter of the two inventors. 

The displays and activities took place in the 
wedding hall of the municipal building, in the 
community centre and on the large square 
between them. The exhibits ranged from work- 
ing 1892 museum pieces such as spark trans- 
mitters and coherers (best DX, 20m) to current 
fibre-optic equipment in the Marconi Com- 
pany van parked in the square. 


The big DIY dish was used for weather satellite 
reception. 

A coherer, invented by Branly, is a thin 
glass tube, filled with a mixture of iron filings 
and carbon powder between two electrodes. 
The resistance between the electrodes is of the 
magnitude of a megohm, but if exposed to RF 
the resistance decreases to tens of ohms. The 
coherer, a battery and galvanometer are placed 
in series, essentially as an ohmmeter circuit. 
When the key of the spark transmitter goes 
down, the galvanometer deflects. To make 
the resistance go back up quickly after key- 
up, to permit Morse code, the coherer must be 
shaken! 

Another ‘working’ display was a mock-up 
of a shipboard radio shack, with simulated 
ship-to-shore CW traffic. Static displays in- 
cluded antique broadcast receivers, old docu- 
ments relating to Branly and Marconi, and 
postage stamps with radio subjects. 


HAMS AT WORK 

THE WIMEREUX Radio Club, FSKBM, 
made an incredible effort. Project manager 
Jean-Claude Barreau, F8ICL, was every- 
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The celebrations of the 1899 OSO 
between Marconi in Dover and 
Branly in Wimereux, near 
Boulogne in France, and the coin- 
cident centennial of Wimereux as a 
separate township, occasioned a 
major multimode amateur radio 
effort on both sides of the Channel. 
F/G4LQI reports. 


where. Of 50 club members, 30 were active 
contributors and 10 operated the special 
events station TMICW, with Pierre Azoulay, 
F6FLB, as chief operator. 

Over a two-week period, the HF station 
made 12,000 contest-style CW QSOs on 14 
and 21MHzusinga three-element tri-bander on 
atelescopic tower in the square. A 7MHz dipole 
remained unused - that frequency blocked ra- 
dios in the police station! Also, SSB operation 
was virtually impossible because of the back- 
ground noise in the hall, not least that from the 
simulated diesel ‘put-put-put’ emanating from 
the ‘ship’s shack’. A 145MHz FM link with 
Dover was operational throughout. 

Slow-scan TV and weather satellite recep- 
tion were demonstrated, the latter using the big 
DIY club dish pictured left. A packet BBS 
was operational on VHF (1k2 Bd), UHF 
(9k6 Bd) and SHF (network) from a van 
supplied and manned by F6EGF, the na- 
tional radio club of power and gas industry 
employees, who also, under the direction of 


Mile Branly, granddaughter of the coherer inventor, 
at the exhibition. 


Jean Binot, FIESA, did much of the ATV 
work. UK packet traffic went via G3OJZ-8. 


10GHZ ATV TO DOVER 

THE FAST-SCAN ATV link was the most 
ambitious and elaborate of all activities. Prepa- 
rations started last autumn. Initially it was 
feared that language would be a problem, 
but F6FLB, F/G3DGW, GODQI, and several 
other participants are fluently bilingual. 

The Dover and Wimereux sites are near sea 
level. The path profile showed that repeaters 
would be required near both ends for 10GHz [1] 
and probably for 1.2GHz, which was to be the 
back-up channel. The Wimereux repeater, which 
boasted a 10W 10GHz transmitter, was located 
1km north of town in a small van on a cliff, 
with line-of-sight to the repeater at Dover 
Castle. 

The simplified system schematic shown in 
Fig 1 (numerous switch and patch boxes omit- 
ted) shows what was implemented. It pro- 
vided great flexibility; it was even possible to 


The ATV picture from Dover is received in France and looped back to Dover. 
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Fig 1: Simplified system diagram for the duplex cross-channel ATV link. 


loop back a received picture to the sending 
end, as G3VJF’s photograph of the monitors 
in the control room of Dover Castle (left) 
shows. It had been intended to place several 
monitors on the nearby Wimereux sea front; 
inclement weather spoiled that, but indoors a 
bank of nine monitors, three high by three 
wide, made a very bright life-size display 
which looked as if viewed through a window 
divided into nine panes. 

Mishaps are bound to occur with such a com- 
plicated system. Torrential rain on Friday night 
got into one of the repeater LNBs; it was replaced 
just in time on Saturday morning. When GODQI 
introduced the Dover guests to the crowd watch- 
ing in France, there was no audio, but re-routed 
through the 145MHz link all could hear. 


NOTE eS a . 
[1] Some 10GHz techniques, alsoapplicableto 31D and XYL admiring an 1892 spark transmitter, power by a hand cranked Wimshurst electro- 
ATV, were described in Eurotek 8/98. @ static generator. 
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edited and translated by Erwin David, G4LQI* 


[Le ORIGINAL W3HH design [1], 
Fig 1, covers 7-35MHz with a 
length of only 1/3A at the lowest 
frequency. That, and the ease of instal- 
lation at a typical suburban home, eg 
from a chimney to a tall fence post, has 
made this antenna popular with SWLs. 
The symmetrical and folded construc- 
tion provides better immunity to QRN 
than, for example, an inverted-L an- 
tenna. 


A T2FD (Terminated Tilted Folded Di- 
pole) has a 5:1 frequency range with an 
SWR well within the 3:1 tolerance of 
most automatic ASTUs, but at the cost of 
power dissipated in its termination re- 
sistor. In CQ-DL 4/99, Wolfgang 
Boettcher, DKSIQ, presents his Com- 
bined Grounded Folded Dipole, which 
retains the multi-band feature without 
the power wastage. 
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feeder 


4002 
non-inductive 


Fig 1: The W3HH ‘T2FD’ antenna for 7, 14 and 
28MHz. 


Many transmitting amateurs, especially 
those at a temporary QTH, are prepared to 
burn up to 50% of the transmitter output in the 
terminating resistor for the convenience of- 
fered. The radiation pattern depends on the 
surroundings, but there are no major lobes, 
nor deep. nulls. 

Typically, T2FD signals are 3-6dB down 
on a resonant dipole in the same location. The 
flattest feeder SWR vs frequency is obtained 
when the terminating resistor has a value 
somewhat higher than the characteristic feeder 
impedance. 


AN ACCESSIBLE 
TERMINATION 

DK5IQ SET OUT to eliminate the dissi- 
pation of transmitter power in a termina- 
tion resistor, yet retain the convenience 
of a T2FD. 

Starting with a 1OMHz folded dipole, he 
connected a 4:1 balun to the feedpoint and, 
through it, SOW coax to the shack. Next, he 
inserted an insulator in the centre of the 
previously unbroken wire, ie opposite the 
balun. Across that insulator he connected one 
end of a stub consisting of 7m of 300Q slotted 
ribbon, of which the other end terminates in 
a pre-tuning unit near the ground or in the 
shack. See Fig 2. 


A CHOICE OF TERMINATIONS 

THE LOWER END of the ribbon can be 
terminated in several different ways. Ifa 
300Q resistor [2] is connected across it, 
the antenna behaves as a T2FD, with the 
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advantage that the terminating resistor 
now does not have to dangle up in the 
air; this termination is useful for receiv- 
ing from 3.5MHz up. To eliminate the 
wasting of transmitter power, however, 
terminations other than a resistor are 
used. 

DKSIQ has experimentally established the 
following: 
@ With the 7m stub extended to a total length 
of 8.45m, shorted and earthed at its end, the 
SWR on all bands, 7-29MHz, is low enough 
(<2.5:1) for transmitters with a pi-output or an 
automatic ATU. 
@ For more finicky transmitters, SWRs of 
better than 1.5:1 were obtainable on all bands 
by terminating the 7m stub as follows: With a 
5-50pF tuning capacitor (plate spacing com- 
mensurate with power!) on 10, 14 and 283MHz; 
shorted with a 0.65m length wire on 10 and 
24.9MHz; with a ganged pair of roller-coast- 
ers, on all bands except 14MHz. 


7m stub 
3002 slotted bel ae 
twin lead 
Centre-tapped 2m lecher line with 
shorting strap sliding short used 
as tuning aid 
7-5m = |/2 of full length Cie 
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If the 7m stub runs into the shack, the 
coax feeder should be kept well sepa- 
rated from it and the best termination 
can be selected with a manual switch 
(again, suitable for the power used!); if 
terminating elsewhere, relay selection 
and pre-tuned or motor-driven coils and 
capacitors can be used. As the values 
are location dependent, experimentation 
will be necessary. For that, a 2m length 
of closely spaced open wire line, which 
can be shorted by sliding a shorting bar 
(a screwdriver!) along it while watching 
the SWR meter (at low power) is a useful 
tool. 


VARIATIONS 

THE CGFD ANTENNA does not need to 
be sloping; it can be installed horizon- 
tally, vertically or as an inverted-V. 


NOTES 

[1] See Amateur Radio Techniques by 
Pat Hawker, G3VA, 7th ed. p266 (RSGB) 
[2] The terminating resistor must be non- 
inductive (not wire wound!) and capa- 
ble of dissipating one-third of the maxi- 
mum transmitter output, assuming the 
duty cycle of SSB or CW. Though suit- 
able tubular power resistors are some- 
times seen as surplus, smaller units may 
be used in series, parallel or series-par- 
allel. For a 100W transmitter, three 100Q 
10W units (eg MPC108101J from ES) in 
series would do. + 


lal Ge! eg 


non-ind 


2 lengths 15-15m stranded 
copper wire, 15mm? 


13m 
2 x 5 identical sections 


12 spreaders, wood or plastic, 
round or 5mm thick 


Selection of stub terminators 
(see text) 


Tapped coils or 
ganged roller coasters 


| an Me 


Fig 2: DK51Q’s CGFDis a based on the T2FD, but the dissipation of RF power is avoided by using a stub of 
3002 windowed ribbon, terminated in a shorted extension, a capacitor or an inductor. 
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[= ANTENNA acts as an end-fed 
half-wave radiator on 145MHz. This 
makes its 145MHz gain OdBd. Its 
high-impedance feed point must be con- 
nected to a parallel resonant circuit. Usually 
the coax is tapped down on the coil at the 
50Q point; but as this antenna must also 
work on 435MHz that arrangement is out. 
Instead, the feed from the coax connector is 
placed in series with the capacitor, making 
the coax look into a series tuned circuit, 
while voltage-feeding the antenna. On 
435MHz this arrangement acts as an high- 
pass filter, ie it is transparent. 

On 435MHz the antenna acts as two 
stacked 5/8A radiators with a gain approach- 
ing SdBd. To end-feed such an arrangement 
with 50Q coax, the lower 5/8 must be ex- 
tended to 3/4A; this is done here by adding 
1% turns on top of the 145MHz coil. On 


435MuHz, resonant radials are required; these - 


are insignificant on 145MHz. See Fig 1. 

The proper phasing of the stacked sec- 
tions is achieved by inserting a phasing stub 
between them, as shown in Fig 2. 


o==s 
1 
Trim=Cap aes 


~---- 
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Fig 1: The matching section of the antenna. 


CONSTRUCTION 
REFER TO THE bill of materials in Table 1. 
It lists what PAOHMV bought and used in 
Holland. The [bracketed] numbers refer to 
notes on what is available in the UK. As with 
all UHF-and-above projects, 
good craftsmanship is essential. 

Saw and/or file the corners off 
the flange of the coax socket to 
make it fit snugly into the 28mm 
mounting tube. Drill a hole for 
the earthy end of the coil, as 
shown in Fig 3. 

Pre-bend two sets of adjacent 
radials, leaving the ends a bit 


—————————————— 
* 22 Island Wall, Whitstable, Kent CTS 1EP. 
E-mail: e2david@tesco.net 
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An omni-directional vertically polar- 
ized antenna for 145 and 435MHzcan 
be built using easy-to-get materials 
and hand tools only. Adjustment re- 
quires only a dual-band transmitter 
and an SWR meter. Bert Veuskens, 
PAOHMV, described his design in Elec- 


tron (NL) 4/99. 


5mm 
©rses RC2375 | 1amm | 


Fig 2: Shape and dimensions of the wire. 


425mm 


83mm 


peice: 


450mm 


ee 


45mm 


in 


long. To solder the radials to the coax socket, 
a jig is a big help. To make one, drill a 16mm 
diameter hole in the centre of a 25cm square 
piece of chipboard, insert the coax socket 
(barrel-down) into the hole, place the two 


Copper or brass mounting tube, 28mm OD, 220mm long [1] 
PVC tube, 32mm OD, 28mm ID, 1.2m long, and cap [2] 
Jubilee clip, 32mm, pref. stainless steel [3] 
N-type (preferred) coax socket with square flange, 50. 


Brass rod or tubing, 3mm OD, for 4 radials, 720mm req. [4] 
Bare copper wire, single strand, 2.25mm dia, 1.6m req. [5] 
Trim-cap, tubular, 10pF max, Tronsor, (or RG58 per Fig 6) 
Centring discs, polystyrene foam, sliding in PVC tube, 2 req. 
Sealing compound [6] 


Table 1: Bill of Materials. 


sets of radials as shown in Fig 1 and Fig 3 and 
fix them to the chipboard, eg with staples. 
Now solder as shown (you will need a SOW 
or bigger soldering iron). If you have used a 
professional grade coax connector, its insu- 
lation will be PTFE and will not melt in the 
process. Cut each radial to 173mm, meas- 
ured from the centre of the coax socket. 
Solder the ‘cold’ terminal of the tubular trim- 
cap (or the centre conductor of the RG58 
capacitor, if used instead) to the coax con- 
nector. 

Unroll and stretch the antenna wire to 
straighten it. Cut off 60cm, and, starting at 
one end, tightly wind six turns on a 19mm 
(Ain) tube, rod or dowel. Stretch the coil and 
fashion its ends to the shape and dimensions 
of Fig 2. Solder the short end of the coil into 
the hole drilled in the flange of the coax 
socket and connect the other terminal of the 
trim-cap to the coil, four turns above the 
earthy end. Approximately half of the lower 
radiator section should now point straight 
up, coaxially with the coil. 

With the remaining wire, shape the phas- 


’ ing section as in Fig 4, using a 9.5mm (3/8in) 


drill bit as a former. Trim the lower wire end 
so that it, when butt-spliced to the top of the 
wire on the coil, makes up the 450mm shown 
in Fig 2. Slide a polystyrene foam centering 


Flatten before 
_ bending 


Solder 


Radials 


symmetry. 


Coax socket 
flange trimmed 
to slide into tube 
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Fig 3: Working on the coax socket and attaching 
radials. 


disk onto the wire below the phasing stub 
and butt-splice the two sections together. 
This is best done by soldering them into a 
short sleeve of copper tubing [or into the 
brass barrel removed from a smallest-size 
choc-block; if the latter, discard 
the steel set screws as they will 
rust - G4LQ/]. Cut the top wire to 
460mm (this leaves some for later 
pruning to frequency). Slide the 
second centering disk onto the 
top wire. 

Saw and/or file into one end of 
the 28mm copper pipe four slots, 
90° apart and each 4mm wide by 
7mm deep, as shown in Fig 5. Do 
the same with one end of the PVC 
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Eurotek 


PAOHMV’s prototype, without its PVC cover. 


tubing, but make the slots 70mm deep. 

After assembly and tuning, the 28mm 
mounting tube will be clamped to the top of 
the mast using commercial hardware, eg two 
U-bolts, each with three saddles. 


TUNE-UP 

AS THE PVC weather shield lowers the 
resonance frequency on 70cm by approxi- 
mately 3MHz, tuning on that band, with- 
out the PVC tube, should be done 3MHz 
above the frequency where the best SWR 
is wanted. 

Remove the antenna assembly from the 
chipboard and inspect all solder work. 
Feed a short coaxial cable through the 
28mm copper pipe and connect it to the N- 
socket. Push the socket into the copper 
pipe until each radial touches the bottom 
of a slot. Place the assembly well clear of 
other conductors, but low enough to work 

on it. Connect a 70cm signal source, eg a 
hand-held transceiver, through an SWR 
meter. 

You should find that the frequency of 
lowest SWR is lower than intended [if you 
do not get a decent SWR reading anywhere 
in the band, it may be because the coax has 
become part of the antenna system; try 
coiling the coax just below the copper 
tube, eg two turns of about 10cm diameter 
- G4LQJ]. Bring the resonant frequency 
up by snipping bits off the top of the 
antenna, eg to 438MHz. Fix the two cen- 
tring discs with a drop of epoxy glue to the 
radiator at the voltage nodes, 170mm be- 
low the top and half-way between the top 
of the coil and the bottom of the phasing 
stub. Slide the PVC pipe down on the 
antenna until each radial is squeezed be- 

_tween the bottom of its slot in the copper 
pipe and the top of its slot in the PVC tube. 
Verify that the best SWR now is where you 

- want it and that it is below 1.5:1. 

Connect a 2m signal source, raise the PVC 
tube just enough to gain access to the trim- 
cap and adjust it for best SWR on 145MHaz. It 
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83mm 


View on A-A 
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Fig 4: A number of bends are required to form the phasing stub. 


was found that a capacitor fashioned from a 
piece of RG58 coax according to Fig 6 worked 
OK, but some adjustment of the braid length 
may be necessary. 

This completes the adjustment. Push the 
PVC tube down again and fix it in that 
position with a stainless jubilee clip below 
the radials. Place the cap on top and weath- 
erproof the assembly by applying sealing 
compound to the gaps in the PVC around 
the radials, making sure that rain cannot 
reach the capacitor but that condensation 
has a way out. 


— 
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Mounting tube 
(copper) 
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Fig 5: Slots for four radials in the mounting tube 
and the PVC cover. 


The finished antenna looks professional. 


SOURCING IN THE UK [G4LQI] 


[1] 28mm copper tubing is available from 
plumbers’ supplies distributors in (expen- 
sive!) 3m lengths. Your plumber may have 
an off-cut. 

[2] 32mm OD white PVC tubing is sold in 2m 
lengths by B&Q. 

[3] Stainless steel jubilee clips are sold by 
yacht chandlers. 

[4] 1/8in OD copper tubing is suitable. 
Sand and flatten the part that will be within 
the 28mm tube. Central heating pilot ther- 
mostats are frequently replaced and dis- 
carded by CORGI fitters, and each has 
enough tubing for four radials. Try to get 
two, as your first attempt at flattening and 
bending may fail. 

[5] Wire of 2.25mm diameter is not available 
in the UK. The nearest is 14 SWG (2.03mm), 
which should be OK. 1.75m of enamelled 14 
SWG wire is available from Maplin (Cat. 
BL16S). When using enamelled wire, be sure 
to remove the enamel from where the tap is 
going to be, before winding the coil! 

[6] Professional silicone rubber (Maplin 
YJ91LY or ES 035168G) is ideal, but bathtub 
sealant will do. + 


Solder 


To tap 
on coil 


To coax 
socket 
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Fig 6: The 145MHz tuning capacitor can be made 
from RG58 coax. 
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ANY AMATEURS like to operate 
M: 3.7MHz for European contacts 

and 14MHz for DX, but do not have 
room for the 40m span of a half wave 3.7MHz 
dipole. Shorter lengths can be made resonant 
by including coils, or traps if the antenna is also 
to be used on higher-frequency bands, but 
both narrow the 3.7MHz bandwidth and in- 
crease losses. Capacitive end loading is better. 
It also shortens the required span, can provide 
a good feeder match on a second band, and 
greatly reduces the named disadvantages. 

A given amount of end loading has different 
effects on different frequencies. By separately 
varying the length of the radiator and the 
amount of end loading, an antenna can be set 
up to resonate and have a low impedance 
feedpoint on two frequencies, eg in the 80 and 
20m _ bands. 


A COMPUTER DESIGN 


THE ANTENNA shown in Fig 1 consists of a 


horizontal dipole, centre-fed by SOQ coax 
through a 1:1 balun and end-loaded on each 
end by two identical inverted-Vs, consisting of 
wires at 90° to the dipole wire and to each 
other. It was modelled using EZNEC [1]. The 
antenna was modelled for the horizontal wire 
10m above average earth (conductance 5mS/ 
m, dielectric constant 13), using wire of 1.8mm 
diameter. The design was optimised, adjust- 
ing the dipole length for resonance at 
14.14MHz and the end loading for 3.745MHz. 
This sequence is also recommended when 
physically adjusting the antenna in its actual 
environment. The result is a dipole length of 
21.5m, with end loading wires of 5.5m at 10m 
above average earth. 


RESULTS ON 3.7MHZ 
THE PERFORMANCE was compared with a 
full-size (38.5m) dipole and one shortened to 
21.5m by inductive loading with two 19uH coils 
(Q=200) either side of the feedpoint, all at the same 
height and the same frequency. Feedpoint im- 
pedance, gain [2], elevation angle [3] and 
bandwidth [4] are displayed in Table 1. 
There is only one lobe to the radiation 
pattern: straight up, as is desirable for short- 
haul working. The gain of -3dB with respect to 
the straight-up maximum is at 38° above the 
horizon, ie there is enough low-angle radiation 
for some DX. The gain is only marginally 
lower than that of the full-length dipole at little 
more than half the span and well above the gain 
of the coil-loaded dipole of the same length. 
The SWR is low enough for many commer- 
cial transceivers over much of the phone end of 
the band, somewhat narrower than the full- 
length dipole but much wider than the coil- 
loaded one. 


* 22 Island Wall, Whitstable, Kent CTS 1EP. 
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A short horizontal antenna reso- 
nant on both 3.7 and 14 MHz 
without traps or coils was designed 
by Bob van Donselaar, ON9ICVD 
by computer modelling with 
EZNEC. From Electron, (NL) 7/99. 


RESULTS ON 14MHz 

THE COMPARISON here is with a half-wave 
dipole 10.4m long, 10m above earth. As the 
21.5m long antenna does not have the figure- 
of-eight pattern of the half-wave dipole, the 
gain and elevation angles and plotted in Fig 2. 
The elevation [3] plot falls within the 25% to 
75% band [5] over approx. 45° of each azimuth 


azimuth. 

[4] ‘Bandwidth’ is computed as for a tuned 
circuit, ie between frequencies where resist- 
ance and reactance are equal. It should not be 
taken as the SWR bandwidth; where the im- 
pedance is 50Q at resonance, the SWR at the 
bandwidth extremes is approx 2.6:1. 

[5] ‘DX elevation, as shown in Fig 2, refers to 
the optimum take-off to communicate with a 
station >1500km away. Observations at the 
Rohde & Schwartz company have established 
at which angles above the horizon signals 
were received and over what percentage of the 
time. At 3.7MHz, the elevation angles are 
below 44° 75% of the time, below 38° 25% of 
the time. At 14MHz, these angles were 17° and 
7° respectively. + 


Azimuth @ 0° Azimuth @ 90° At Resonance 
Gain Elevation Gain Elevation Impedance SWR_ Band- 
dBi [3] dBi [3] Q ref 50Q width[4] 
End loaded: 5.82 S828 5.82 38° 31.9 1.6 151kHz 
Half wave: 6.33 SHES? 6.33 38° 49.2 1.02 202kHz 
Coil loaded: 4.55 59.52 4.55 38° 15.9 32 47kHz 


Table 1: 3.7MHz dipole performance comparison. 


quadrant. 
Feedpoint imped- 
ance, SWR and 


Insulating halyards 
(2 places) 


215m (wire) 


bandwidth are 
shown in Table 2. 
It turns out that the 
longer antenna is 
perfectly matched 
to 50Q and that the 
bandwidth, 
though much nar- 
rower than that of 
the half wave di- 
pole, is adequate 
to cover the CW 
and much of the 
phone band. 


CONCLUSION 
THIS INEXPEN- 
SIVE space-sav- 
ing antenna will 
perform almost as 
well as a full-size 
dipole on 3.7MHz 
and also permit 
good DX _ on 
14MHz. 


NOTES 

[1] See RadCom 9/98, pp24 & 25. 

[2] ‘Gain’ is computed with reference to an 
isotropic radiator in free space. 

[3] ‘Elevation’ is computed as the lower -3dB 
angle with respect to the maximum at a given 


Gain Iza 


quadrant shown). 


Gain endloaded 


4 places 
(wire) 


Insulating ties 
(4 places) 


Elevation (degrees) 


Azimuth (degrees) 
———-—: Elevation endloaded 


Elevation /2a 


Fig 2: 14MHz gain and elevation as a functions of azimuth (only one 


Atresonance SWR Band- 

ImpedanceQ ref50Q  width[4] 
362kHz 
1402kHz 


End loaded: 49.8 1.0 


Half wave: 7 a 1.46 


Table 2: 14MHz dipole performance comparison. 
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ELF-SUPPORTING horizontal beam 
S elements for 14MHz and below re- 

quire careful mechanical design to ar- 
rive at the best compromise between storm 
survival, sag and weight [1]. This is done by 
‘tapering’ the elements, ie assembling the 
elements from telescoping tubes, thick in the 
centre and thinner, in several steps, towards 
the tips. British amateurs who have tried to 
copy proven American designs [2] have found 
that this could not be done with alloy tubing 
available in the UK. 

The most common range of American tub- 
ing comes in OD steps of 1/8in (3.18mm), 
and with a wall thickness of 0.058in (1.47mm). 
This means that each size neatly slides into 
the next larger size. 

Imperial sizes, regardless whether desig- 
nated in inches or millimetres, are the only 
ones easily obtainable in the UK. They also 
come in OD steps of 1/8in (3.18mm) but with 
a wall thickness of 0.064in (1.63mm), so the 
next smaller size does not fit into it. This 
means that the smallest taper step is 1/4in 
(6.35mm), requiring the filling of the 1.55mm 
gap with aluminium shims - not an easy job. 

Metric size tubing (all inside and outside 
diameters in whole millimetres), standard on 
the Continent, are a good compromise. See 
Table 1, extracted from the catalogue of 
Cuprochimique [4]. 


KNOW-HOW 

AMATEURS INTERESTED in constructing 
3.5(!) or 7MHz beams will find what they 
need to know, and that is a lot, in [1]. The 
construction of Yagis for 14MHz and above 
is treated in an earlier booklet, Yagi Design 
by ON6WU and ON4UN, presented by the 
latter in support of his ‘Yagi Design’ software 
[3], at the 1989 RSGB HF Convention. It 
contained an optimised 14MHz element, us- 
ing metric size tubing, Fig 1. 


IMPORTING METRIC TUBING 

NOTING THE LOADS of beverages [drinks, 
not antennas! - Ed] that many people are 
importing through the Channel ports in ordi- 
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To make tapered HF beam elements 
American-size tubing is perfect; each 
size just fits into the 1/8in larger size. 
With the imperial sizes available in 
the UK, the minimum step is in. 
Metric sizes are a compromise; they 
fit with an easily shimmed gap. G4LQI 
investigated what is available near 
Calais and Ostende. 


nary cars, and having hauled 6m scaffold 
poles on my own roof rack (not recom- 
mended), I investigated what tubing can be 
bought at or near Calais and 


YS 


long, for FF179. Arie Bles, VK2AVA, ex- 
PAOUM, made lightweight full size 10.1 and 
7MHz beam elements with them [6]. They 
can also be used to make helical 40m 
Microbeam elements, as described by W1XT 
and W1FB [7], but that application requires 
that the poles do not contain carbon fibres, as 
one of the brands on display at Cora did. 


REFERENCES 

[1] See Low Band DXing by ON4UN, 2nd ed. 
ch.13 (or 3rd ed.) (RSGB). 

[2] eg from the ARRL Antenna Book or G6XN’s 
HF Antennas For All Locations, 2nd ed., Fig 
19.1 (RSGB). 


{3] John 


Devoldere, 


Ostende. OD Wall Weight Price ON4UN, Poelstraat 215, 
After consulting G;DGW | ™™ mm g/m FF/m** B9820 Merelbeke. E-mail: 
and F6FLB, I found Technal 6 1 1) jrOniedueavaorladtem ¢ 
[5] ina very convenient high- 8 1 60 @village.uunet.be 
way location just South of 4 Ks [4] Cuprochimique, 43 
Calais. The sizes they stock 3.01 103 Zuiddokweg, B9000 Gent. 
for their own constructions a 110 Tel: 0032 9 255 9696, Fax: 
are) pricedHinsPabletel bintwy 47 Aaa! ypanet 7 0032 9 255 9690. Gent is 
French Francs per meter in- 20a) * 13 where the motorways E17 
; AD WS 235 ' 
cluding VAT. They would sata a (Paris to Antwerp) and E40 
like a couple of days notice | 55 15 6) (Calais & Ostende to Brus- 
to make sure they have suf- D5 ae235 477 sels) intersect. 
ficient stock of the desired | 22 7. 308 16 [5] Technal, Zone Indus- 
sizes. Other sizes are avail- 8 15 336 trielle les Estaches, F62730 
able in commercial quanti- 30 as 687 Les Attaques. Tel: 0033 3 
ties only. all ee 2182 1351, Fax: 0033 3 
No suitable vendors were Oo) 564 22 2182 1512. The manager, 
found near Ostende, but a nas spit Mr desTenay, does not 
those travelling through that Ni) 644 5 speak much English. From 
port are also likely to pass 40 B1GlES 489 exit 17 on the E40 motor- 
‘ >: Mie TS) 541 
by Gent ( Gand , in French). aan = ie way, travel approx. 2.5 
They may find ON6UN’s ASuaaleS 603 miles (<4km) SE on route 
supplier Cuprochimique [4] WO 8 1923 N43, towards St Omer. The 
%) 
useful. 0 8 neo 32 building, with a big Technal 
* sizes where no weight is stated are sign, is visible from the N43 
FISHING POLES available from [5], but apparently not | on the right hand side. Busi- 


AT OUR favourite Hyper- als 


** £1 = approx. FF10 (July 1999). 


ness hours are 0700-1230 
and 1330-1700 local time. 


marche, Cora, just North of 
exit 31 of the E40 at 
Dunkerque (thank you, 
G7RBB) we saw telescopic 
fibreglass fishing poles, 8m 


Table 1: Metric-size alloy tubing 
available on the Continent. Material 
F22(AlMgSo0.5%). Tensile strength 
22kg/mm+. 6m lengths are standard. 
Sizes over 50mm OD omitted. 


[6] ARRL Antenna Compen- 
dium Vol. 1, p142. (RSGB). 
[7] The ARRL Antenna An- 
thology, p44. + 


OD (ID) 


35 (31) 


All dimensions in millimetres (not to scale) 


Fig 1: A 14MHz reflector designed to survive wind speeds up to 159knv/h, sagging 16cm and weighing 5.6kg. 
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30 (26) 25 (21) 20 (17)* 


©RrscB RC2423 


16 (14)* 


Shim (typ) 
eo 


150 (typ) 


* Imperial sizes 19/15°8 and 15-8/14-4 will fit 
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q “enperure sb to achieve high 
temperature stability of a crystal os- 
cillator, the crystal is placed in a ther- 

mostatically controlled oven [2]. The crystal 
must be specially cut to have zero tempera- 
ture coefficient at the oven temperature, 
usually 70°C, and to be adjusted to its nomi- 
nal frequency at that temperature. Because 
of the current drain of the heating circuit 
and/or long warm-up time if switched off 
when not in use, ovens are not very suitable 
for mobile radios. 

The frequency stability of mobile transceiv- 
ers has to be tight to permit close channel 
spacing within a given band, or to permit SSB 
operation. This stability must be maintained 
over the wide temperature range in which mo- 
biles must work. 

To that end, compensation of the frequency 
vs temperature characteristic of crystals in phase- 


locked-loop (PLL)[3] reference oscillators was _ 


developed; since the 1970s, sealed temperature 
compensated crystal oscillators (TCXOs) are 
mass-produced. Common frequencies are 
10.000 and 6.400MHz. TCXOs now are also 
used as master oscillators in top-of-the-line 
SSB amateur rigs and as options on some 
medium priced ones. 


THE CIRCUITRY AT DFOANN 

A CRYSTAL-CONTROLLED frequency can 
be ‘pulled’ a little by varying a capacitor 
somewhere in the oscillator circuitry. In Fig 
1, the 7th overtone crystal is in the feedback 


* 22 Island Wall, Whitstable, Kent CTS 1EP. 
E-mail: eurotek.radcom@rsgb.org.uk 


The 3cm beacon DFOANN, on a hill- 
top lookout tower near Niirnberg, is 
exposed to temperature extremes 
which made the 141.75MHz[1] VCXO 
lose phase lock with its 6.4MHz refer- 
ence oscillator. Eugen Berberich, 
DL8ZX, described in CQ-DL 8/98 why 
and how he temperature-compen- 
sated this overtone crystal oscillator. 


loop between the sources of two FETs, a 
classic Butler circuit[4]. The parallel-tuned 
circuit in the drain of TRI selects that 7th 
overtone and consists of L1 with across it 
6pF plus the capacity of the varactor 
diode D1 in series with Cl. A change of 
reverse DC bias voltage across D1 will 
change the resonant frequency of- the 
tuned circuit and pull the oscillator fre- 
quency; this creates a voltage controlled 
crystal oscillator (VCXO). [Butler oscil- 
lators can be pulled only very little by this 
method; see [4] - G4LQ/] 

In the DFOANN phase-locked loop sys- 
tem, a sub-multiple of the 567MHz output 
frequency is compared with that of a sub- 
multiple of the ultra-stable 6.400MHz ref- 
erence oscillator in a phase detector. Its 
output is a DC voltage proportional to the 
phase difference. This DC voltage is ap- 
plied to the varactor diode in the VCXO, to 
pull the phase difference towards zero. 
This, ideally, keeps the VCXO frequency 
as stable as the reference oscillator. If, 
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Fig 1: How DFOANN acheived greater 


temperature stability with his crystal 
oscillator. 


however, the temperature drift of the VCXO 
exceeds its pulling range, phase lock is 
lost and the VCXO drifts outside its speci- 
fied limits and may even lock in on a 
spurious crystal resonance, typically ap- 
proximately 100kHz up. That is what used 
to happen at DFOANN at the temperature 
extremes of summer and winter. 


THE FIX 

IF THE PROBLEM had been foreseen, an 
oven-controlled crystal oscillator might have 
been used, but retrofitting one would have 
required ‘major surgery’ and an expensive 
new crystal. Instead, the VCXO was tempera- 
ture-compensated, which required the addi- 
tion of only a few components, but a lot of 
testing effort! 

The control voltage from the phase detec- 
tor (0-10V) is applied to the varactor diode 
D1 through the preset capacitor C1. Added to 
that was a second varactor diode, Dla and 
preset Cla, acting in parallel with D1. The 
bias on Dla is temperature dependent, R1 
having a negative temperature coefficient 
(NTC). R1 is cemented to the crystal X1 to 
assure that R1 tracks the crystal temperature. 


ADJUSTMENT x 

WITH THE CONTROL voltage at a con- 
stant 5V, the oscillator was alternately 
cooled in a home freezer to -20°C and 
heated in a kitchen oven to +50°C. At the 
best setting of Cla, the frequency stability 
was better than +6ppm, three times better 
than that expected of the uncompensated 
oscillator and 
good enough to 
prevent loss of 
phase lock at tem- 
perature extremes. 


NOTES 

[1] 141.75 x 64 = 
9072MHz. Added 
to this is a keyed 
1,296.965MHz 
signal to arrive at 
the final beacon 
frequency of 
10,368.965MHz. 
[2] See the RSGB 
Radio Communi- 
cation Handbook, 
7th ed. Fig 5.16. 
[3] See ‘Phase- 
locked loop ba- 
sics’, RadCom Feb 
1998, pp 40/41. 
[4] See the RSGB 
Radio Communi- 
cation Handbook, 
7th ed. Fig 5.27. 
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MAINS SAFETY 
ELECTRICAL SAFETY CHECKS are manda- 
tory in every workplace - but when did you last 
make any safety checks in your station? 
START WITH MAINS wiring, plugs and leads. 
They might have been OK when you installed 
them, but things can happen: cables can be 
pulled, nicked or otherwise damaged; wires 
can work loose due to vibration and repeated 
heating/cooling cycles; soft plastics can cold- 
flow over long periods of time; and many other 
things you may not have thought of. The point 
is not to wait until something happens, but to 
check before it does. Work systematically 
through all your mains leads, extensions and 
multi-way adapters, and check them all. Fig 1 
is to remind you about the correct way to wire 
a 13A mains plug, and Table 1 is a useful 
checklist. 

All 13A mains plugs must meet certain 
standards, but beyond this minimum there is a 


wide variation in quality and attention to de- . 


tail. Price isn’t always a good guide, so it pays 
to shop around for better-quality plugs that will 
survive having the fuses changed and being re- 
wired more than once or twice. When you have 
the plug open, re-tighten all the screw connec- 
tions - not so firmly that they cut the copper 
strands, but firmly enough that they won’t 
move under conditions of vibration and ther- 
mal cycling. Cord grips are a frequent source 
of failures. Usually the thread strips so that the 
screws will no longer tighten, and if that hap- 
pens you need to replace the cord grip or 
possibly the whole plug. Fortunately, the old- 
fashioned red fibre bars are disappearing in 


lan White, ( 


Fuse 
(correct 
rating) 


Jacket must extend Cord grip 


3-5mm past grip 
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Fig 1: The correct way to wire a 13A mains plug. See 
text for further details. 

The fuse in the mains plug is mostly there to 
protect the flexible cable in the event of an 
equipment fault. Electronic equipment should 
have an additional internal fuse to protect 
itself, and soft or step start circuits where 
needed - see last month’s column. In amateur 
radio, only large power amplifiers need a 13A 
fuse and mains cable to match (1.25mm? con- 
ductors, typically 40/0.2mm stranded wire). 
For low-power equipment you can use a 3A 
fuse and 3A-rated cable (0.5mm? conductors, 
typically 16/0.2mm stranded wire). It’s diffi- 
cult to buy mains flex that is rated for less than 
3A, and unwise to try. Lower-rated fuses are 
available from electronics supply companies, 
and you should consider 2A or even 1A fuses 
for items such as small power supplies that 
have no fuse of their own. The other case where 
you need a 13A fuse is for a multi-way mains 
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the plug out. 

Breaks in the live and neutral conductors 
will soon reveal themselves - the equipment 
won’t work - but you need to make positive 
checks to ensure that earth conductors are 
continuous. Unless you have a special ohm 
meter that gives accurate readings for very low 
resistances, all earth conductors should read 
“zero ohms’ from the pin of the 13A plug to the 
metal chassis of the earthed equipment. IEC 
mains leads with a 13A plug on one end anda 
3-way IEC socket on the other can be tested by 
plugging into something with an earthed chas- 
sis. (Note also that IEC mains leads come in 
several different current ratings, commonly 
3A, 6A and 10A, so be sure that you don’t over- 
run them, and fuse the plugs correctly.) An- 
other useful earth continuity check is to re- 
move any interconnections between equip- 
ment, leave everything switched offbut plugged 
into the mains, and check for ‘zero ohms’ from 
one chassis to another. This will also reveal 
any problems with earth contacts and wiring in 
the mains sockets. 

Above all, if you experience a ‘tingle’ at any 
time when touching metalwork that is sup- 
posed to be earthed, you must stop whatever 
you are doing and investigate immediately. 
That tingle is a warning that you’re only one 
step away from a major efectrical shock! It 
probably means that you have some form of 
mains leakage, eg from the primary of a trans- 
former to the core, and probably indicates that 
the chassis isn’t earthed either. 

Another favourite for mains leakage is the 
soldering iron. Check this most carefully, be- 


favour of ny- cause even a 
lonones with | Check Method If it fails tiny leakage 
better thread : current can de- 
Bec 13A mains plugs - lead anchorage Firm pull. Clamping must be on outer jacket, not wires. | Re-clamp lead, or discard plugs with failed sicév Seance 
e g cord grips. Replace moulded-on plugs. y 
with the : : : : ductors. 
Th 13A mains plugs - connections Open plug and check all connections (see text and Fig 1). | Re-connect correctly. ChecRtenae 
ey ; © | 134 mains plugs - fuses and leads Check fuse rating (see text). Check for signs of | Replace incorrect fuses. Discard damaged we ; “ 
POE Bip overheating. plugs or leads. earth Be 
must bear on Moulded-on IEC connectors - anchorage | Firm pull. ity to the tip of 


Discard lead or replace connector. 


the outer 


: Mains leads - damage 
jacket of the 


Check outer jacket for damage or exposed conductors. 
Wires must be double insulated throughout. 


cable as 
shown in Fig 


Mains leads - ratings 


ee 
Equipment that is not double insulated must have a 3- | Replace incorrect leads. 


core lead. Check current ratings (see text). 


Discard damaged leads. 


the iron (un- 
less it’s sup- 


posed to have 
an insulated 


1, but even 
that can de- 
teriorateover fable 4: ct 
the long 

term. Unless the outer jacket extends at least 3- 
5mm past the grip and into the plug body, the 
grip will slowly squeeze the jacket outwards 
from underneath it, leaving loose wires that are 
under tension inside the plug. The golden rule 
is that there must never be any tension on the 
individual wires. Leave 2-3mm of extra length 
on each wire inside the plug - just enough to let 
you see that they are not under tension when 
you check. 
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Earth connections - leads and equipment 


Check zero resistance from earth pin of mains plug to 


metal chassis, or to earth pin on IEC connector. 


necklist for mains plugs and cables. 


adapter. If you buy these without a mains lead 
and plug, be sure to use 13A-rated flex and a 
13A fuse in the plug. 

If you have any mains leads with the old red- 
black-green insulated conductors, it’s about 
time to replace them. Regardless of their ap- 
parent condition, they must be ancient. Isn’t it 
also about time you replaced those old 13A 
plugs that have non-insulated pins? They have 
been out of production for many years, in 
favour of the ones that won’t give you a shock 
if you wrap your fingers round when pulling 


Repair connections; discard faulty leads. 


tip), and then 
switch on the 
power and 
check with a 
high-resistance AC voltmeter to see if the tip 
carries an AC voltage. Since any coupling is 
likely to be at a very high impedance, it’s quite 
common to see an indication of a few volts on 
the high ranges of the voltmeter, falling to- 
wards zero when you switch to lower voltage 
ranges and load the circuit with a lower resist- 
ance through the meter. 

While you’re unplugging and inspecting all 
the mains leads, it’s also a very good opportu- 
nity to untangle them and replace them neatly, 
instead of in the rat’s nest that has accumulated 
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since you last did this job.’ 

And having finished in the radio room, why 
not check the appliances in the rest of the house 
- especially the kitchen appliances and the 
clothes iron. 

If you repeat these checks regularly, you’ll 
still be surprised at what you find - and what 
better time to do this than the New Year? 


NO SINGLE FAILURE 

‘NO SINGLE FAILURE’ is one of the guiding 
principles of modern safety and reliability 
engineering. Here's a quick guide. 

THE BASIC IDEA is that safety should not 
rely on any single feature - because it may fail. 
Instead, you try to design for “defence indepth’. 
You often see this principle in electrical equip- 
ment, the most obvious example being double 
insulation. Before you can touch a live conduc- 
tor, more than one independent layer of insula- 
tion has to fail. The formal underlying princi- 
ple is that ‘no single failure shall make the 
system unsafe’. 

Another example is in guyed masts and 
towers. It’s bad practice to rely on one ground 
anchor for a whole set of guys (Fig 2a) because 
if that anchor fails you’ve lost everything. It’s 
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Separated 


All guy stress 
concentrates 
on one bolt 


(c) 


‘Equalising plate’ 


Fig 2: ‘No single failure’ applied to guying. (a) 
Everything depends on a single ground stake - 
avoid this situation. (b) A better way that still 
provides some guying if one stake pulls out. (c) Use 
of an ‘equalising plate’ concentrates all guying 
stresses on one bolt - better avoided if possible. 


much better to spread the risks between two or 
more anchors per set of guys (Fig 2b). Another 
underlying principle is that if you’re going to 
have two or more safety systems, they need to 
be truly independent to avoid the ‘domino 
effect’. In this case, that means you need to 
place the guy anchors far enough apart that if 
one does pull out, it won’t loosen the ground 
and take the other one with it. Staying with this 
example, a long-established practice is to use 
an ‘equalising plate’ to balance the tensions in 
three or more sets of guys (Fig 2c). However, 
from the more modern standpoint of the “no 
single failure’ principle, Fig 2c is not good 
practice because all the guy stresses are fo- 
cused into the single pivot bolt that secures the 
plate to the anchor. Obviously it can be made 
to work safely, and countless towers have used 
equaliser plates for many years; but modern 
engineering design prefers to avoid such situ- 
ations. 

‘No single failure’ is also the idea behind 
multiple earth bonding, both in mains distribu- 
tion systems and within electrical and elec- 
tronic equipment (Fig 3a). If one connection 
fails, the others will still be there to keep the 
system safe. However, in such cases it’s ex- 
tremely important to check each connection 
regularly, or else they could all fail and you’d 
never notice until the last one lets go. 

Sometimes it isn’t possible to have backup 
safety systems; for example there can ulti- 
mately be only one connection to the earth 
conductor of a mains cable. In such cases, the 
solution is to pay extra-special attention to 
those components in that area. If you focus in 
closely, you can still apply the ‘no single 
failure’ idea on a smaller scale. For example, 
don’t just use shake-proof washers or lock- 
nuts on the earth connections, use both. Simi- 
larly, don’t rely ona simple soldered joint to an 
earthing tag - use either a very positive me- 
chanical connection or wrap the earth wire 
through and around the tag before soldering 
(Fig 3b). A sleeve of heat-shrink tubing is a 
good idea to avoid long-term failure due to 
vibration fatigue. In commercial equipment a 
crimped connection to an earth tag will qualify 
on its own, and also supports the conductor to 
avoid fatigue failure, but with amateur crimp- 
ing techniques you should always use solder as 
well. 

A lot of this may seem ‘over the top’ for 
amateur radio, but I’m not suggesting that 
everything you build should be engineered to 
nuclear reactor standards - you have to balance 
the level of precautions against the level of 
risk. Even so, if you get into the habit of using 
‘no single failure’ as a way of thinking, it can 
greatly add to the safety and reliability of your 
station. 
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Bolted 
connection 


Separate earth 
bonding strap 


Heat-shrink 
sleeve over 
joint and wire 


Locknut 
Wrap securely, 
then solder 


Shakeproof 


washer Earthing tag 


(b) 
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ig 3: ‘Nosingle failure’ applied to internal earthing. 
Earth bonding wires to keep the system safe in 
e the chassis sections are unbolted. (b) Earth 
is wrapped and soldered, with a shake-proof 
washer and a locknut too. 


HOLES THROUGH WALLS 
HERE ARE FOUR more responses to the 
problem described in the November 1998 
column, when having the window frame of the 
radio room replaced with uPVC. 

GMOGKR: “I talked to the window installer 
(it was a local joiner/glazier, not one of the big 
firms). What he did was measure the window 
lin short top-to-bottom and then put an extra 
lin of packing under the bottom of the frame. 
Inow have a strip of mortar beneath the bottom 
of the window, through which I can put a 
masonry drill and feed my cables, and the hole 
is sheltered by the uPVC sill.” GI4CUV also 
negotiated with the window installers, and had 
them drill the holes through the wall as part of 
the installation job. He took the option of three 
small holes exiting mostly through the mortar 
between the outside bricks. 

G3VLX and GOVTL recommended hiring a 
large-diameter diamond cutter, a kind of cylin- 
drical hole saw. This is indeed the right profes- 
sional tool for the job, but I do have some 
reservations because it usually involves also 
hiring a large, heavy and extremely powerful 
electric drill. If the cutter jams in the hole, this 
can be very dangerous - especially when work- 
ing on a ladder - so do take care! 


REFERENCE 

[1] A GPS-based Frequency Standard by 
Brookes Shera, WSOJM: OST, July 1998 
p37-44. + 


If you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or e-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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ANTI-VIBRATION MOUNTS 

WHERE CAN I buy them? The noise from a 
chassis-mounted relay is driving me crazy! 
I'LL TELL YOU ina moment - but why not 
make your own? A relay isn’t such a large 
object, and unless you’re intending to shoot 
it into space, you don’t need a high-per- 
formance mounting. For example, you could 
probably glue the relay onto a sheet of fairly 
stiff sponge, say 10-20mm thick (eg a heavy- 
duty kitchen cleaning sponge) and glue that 
on to the chassis (Fig 1a). Silicone rubber 
sealant makes a pretty good glue for that 
kind of application - which leads us straight 
to another alternative: who needs the sponge 
anyway? AG6K suggests simply using a 
chunk of silicone rubber at each corner (Fig 
1b). You can’t do that in one shot, however. 
His trick is to turn the component upside- 
down, squeeze a large blob of sealant on to 


each corner of its base, and leave them all to - 


set. Then trim the chunks of rubber until the 
component sits level on its new feet. Fi- 
nally, stick it down to the chassis with four 
more shots of sealant. 

Don’t forget to use flexible wire to con- 
nect the relay without transmitting vibra- 
tion. The relay will also tend to move about 
on its new mounting, so make an extra loop 
in all wires to avoid fatigue failures (Fig 1). 
For HF antenna relays, use strips of thin, 
flexible copper foil with a slight S-bend to 
take up the movement. 

For larger and heavier objects, such as a 
whole transceiver, the RS and Farnell In- 
dustrial catalogues 
contain a range of 
flexible mountings 
with screw thread 
sizes from MS up- 
wards. If you 
haven’t come 
across these Indus- 
trial catalogues, 
they are similar in 
size to the better- 
known electronics 
ones, and cover an 
equally broad range 
of components, but 
mostly for mechani- 
cal engineering. No 
doubt there are 
many other indus- 
trial component 
catalogues. For ex- 
ample, you can buy 
sheet, rod and tubes 
in metals and plas- 
tics from these 
sources, but the 
prices are exorbi- 
tant. 


Loop wires for 
extra flexibility 


Loop wires for 
extra flexibility 


198 


Silicone rubber 


by lan White, G3SEK* 


It’s nice to have easy one-stop shopping 
without even leaving home, and the ability 
to buy in small quantities, but these days 
you pay for such luxuries. 


ESD - IN PRACTICE 
YOUR RECOMMENDATION to use ex- 
panded polystyrene to support PC boards 
(December 1998) seems to go against good 
ESD practice! 
WHAT ARE THE real risks? ESD means 
‘electrostatic discharge’, and if we want to 
take effective practical precautions it’s im- 
portant to understand clearly how the dam- 
age is caused. Almost all of the damage 
occurs in semiconductors, when a high ap- 
plied voltage breaks down a layer of on- 
chip insulation (usually silicon oxide) that 
may be much less than a micron thick in a 
MOS gate. But as well as voltage, it also 
needs sufficient electrical energy to destroy 
the tiny volume of semiconductor involved. 
You can charge yourself electrostatically 
by a sliding contact between two dissimilar 
insulating materials, such as a nylon carpet 
and the soles of your shoes. The sliding 
action tears electrons from the surfaces of 
the materials and creates an equal and oppo- 
site charge separation. As you walk towards 
the bench, you’re either losing electrons or 
accumulating extra, and this charge is in- 
creasing your positive or negative potential 
with respect to earth. You’ve become a 
walking charged capacitor (Fig 2) and are 
ready to discharge on contact with an earthed 


First blob 


(b) 
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Fig 1: Ideas for home-made anti-vibration mounts. 


Electrostatic charge ©rses RC2108 
Fig 2: ESD damage requires a discharge circuit 
through the device. If all the leads are kept at the 
same potential, there will be no damage. 


metal object. If that dischgrge takes place 
through a semiconductor, there may be ESD 
damage. 

Note that word through - it is very impor- 
tant. The electrostatic discharge completes 
an electrical circuit, and it has to flow 
through the semiconductor in order to cause 
damage. That means you need to be touch- 
ing only some of the lead wires or pins (Fig 
2 - close-up). If you brush your other hand 
against something earthed while holding an 
ESD-sensitive device, the device will sur- 
vive because there is no circuit through it. 
Similarly, if you’re holding a// of the pins in 
your fingers, the leakage resistance of your 
skin is almost always low enough to equal- 
ise the potentials between the pins, so once 
again no current flows through the device - 
it all flows through you instead. 

This also explains why the risks of ESD 
damage are very low when you use ex- 
panded polystyrene to support a PC board 
for modifications (December 1998). True, 
styrofoam can pick up electrostatic charges; 
but the potential differences between adja- 
cent pins of a device are almost certainly 
too small to matter, the stored charge on the 
area close to any given pin is tiny, and 
above all the existing components on the 
PC board provide plenty of discharge paths. 
However, styrofoam is not a good idea for 
protecting the pins of bare semiconductors 
in the component drawer, unless you cover 
it with aluminium foil. It’s best to leave 


*52 Abingdon Road, Drayton, Abingdon, Oxon OX14 4HP. 
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bare ICs in their black conducting foam or 
tube packaging until they’re ready for use. 

The vast majority of modern integrated 
circuits are manufactured with built-in pro- 
tection that will handle the industry-stand- 
ard ESD test of 150pF charged to 2kV, 
discharged through 150Q and this very ef- 
fectively protects such devices against 
casual ESD damage. (The test represents a 
typical capacitance and resistance for a hu- 
man body, so it is appropriate for manual 
handling; different values are used to repre- 
sent ESD from automatic assembly ma- 
chines.) Some very high-speed digital de- 
vices and RF devices such as microwave 
GaAsFETs cannot tolerate the extra gate 
capacitance associated with ESD protec- 
tion, so you need to be more careful. Even 
so, modern GaAsFETs have surprisingly 
good ESD tolerance, and it’s only the 
HEMTs (high electron mobility FETs) that 
require special care. 

It’s important also for us amateurs to 
understand clearly about the need for ex- 
treme care about ESD in industrial electron- 
ics, because many of the circumstances do 
not apply to us. Complaints from customers 
about ESD-damaged devices are notoriously 
difficult to resolve, and with large amounts 
of money at stake the industrial practice is 
to take ESD precautions that are so extreme 
that they will ward off any suspicion of a 
claim. For amateurs, it’s important to note 
that these industrial levels of precautions 
bear very little relationship to the practical 
ESD risks involved in experimentation and 
repairs - especially if you always take a few 
basic precautions. 

@ Assemble all the other components on 
PC boards before adding the semiconduc- 
tors - to provide discharge paths. 

@ Keep hold of all the leads in your 
fingers (or at least the gate and some other 
source or drain lead) until the component is 
in the board - to keep potentials equalised 
within the device. 

@ Touch the track side of the board or 
the frame of the equipment with a finger of 
the opposite hand before inserting the de- 
vice - so that body leakage brings the board 
and the device leads to the same potential. 

@ Solder the source and drain (or Vcc 
and Vdd) leads first, and then heat the PC 
track and let the solder flow on to the gate 
leads in case they are floating in the hole 
(but those are mainly precautions against 
soldering iron leakage, not true ESD). 

@ Be extra careful on those bone-dry 
winter days, when static is rife. 

You always need to balance the precau- 
tions against the risks. (Why do I find my- 
self saying this, month after month? Be- 
cause it’s a universal truth!) Low-specifica- 


tion and low-cost devices also tend to be the 
most robust, so you won’t have much trou- 
ble if you turn the above precautions into 
good habits. But when it comes to high-cost 
and therefore high-risk devices such as the 
latest go-faster CPU chip, it’s time to get 
out the wrist strap and aluminium foil, and 
take all the precautions recommended in 
Pat Hawker’s 7T columns. Remember that 
the aim is to keep all the leads at the same 
potential, and at the same potential as the 
equipment they are about to meet. 


HOW MANY RADIALS? 

HOW MANY GROUND radials do I need 
for my new multi-band HF vertical? How 
long should they be - do they need to be 
resonant? For safety and ease of mowing, I 
will have to bury them just below the sur- 
face of the garden. 

THIS QUESTION KEEPS coming back! 
Presumably you’re asking about a vertical 
such as the Butternut HF6V, or another of 
the ‘quarter-wave’ resonant verticals that 
do need ground radials. These designs are 
older, but still better in many people’s view, 
than some of the more recent designs that 
claim not to need radials. The answer to 
‘How many?’ is ‘As many as possible’ al- 
though, as usual, it isn’t quite as simple as 
that. The answer to the question about reso- 
nance is much easier: if the radials are 
closely coupled to the ground, they will 
have virtually no resonant properties at all. 
Instead you should be thinking of the radials 
as a ground mat, which needs to be dense 
enough to intercept the return currents from 
the vertical antenna and ensure that they 
flow through your wires rather than through 
lossy earth. 

A key reference about numbers and 
lengths of radials is a OST article by Jerry 
Sevick, W2FMI, who made careful and sys- 
tematic experiments to determine the influ- 
ence of each factor separately [1]. This also 
harks back to the classic work on MF broad- 
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Fig 3: Closer end-to-end spacing between ground 
radials reduces losses in the earth below. Whatever 
length of radials you use, try to lay enough to make 
the end-to-end spacing 0.05 wavelengths or less. 
All the radials should be of similar length. 


in Practice 


cast antennas by Brown, Lewis and Epstein 
[2]. I summarised Sevick’s article in the 
August 1995 Jn Practice, which reproduces 
the original graphs. Sevick found that: 

1. For a given number of radials, there is 
a limit to the useful length. 

2. For a given radial length, there is a 
limit to the useful number of radials. 

In both cases, ‘useful’ refers to the reduc- 
tion in local earth losses that add to the 
feedpoint impedance and reduce the effi- 
ciency. ‘Limit’ doesn’t imply a sharp break- 
point; it’s more a case of gradually dimin- 
ishing returns for your time and backache. 
A good way to combine both of those con- 
clusions is to look at the distance between 
the outside ends of adjacent radials (Fig 3). 
At end spacings of 0.1 wavelengths or wider, 
the ground mat will ‘leak’ significantly 
through its outer rim, allowing more of the 
ground current to flow through the lossy 
earth. If you add enough extra radials to 
bring the end spacing down to about 0.05 
wavelengths, the returns on your efforts are 
starting to diminish; when it’s down to 0.02 
wavelengths there is very little more to be 
gained. These numbers are all you really 
need to remember, although anybody who’s 
really interested ought to read the original 
papers [1, 2]. 

In practical terms, very few UK amateurs 
can lay down a truly circular radial mat of 
the right size for 80m, and almost none have 
enough land to do it for 160m. In the narrow 
back garden of a typical semi, even ad- 
equate radial lengths for 40m may be im- 
possible in some or all directions. Therefore 
we have to do whatever we can. It will help 
your planning to sketch out a reasonably 
accurate scale plan of the back garden, us- 
ing squared paper. Draw in as many radials 
as you can on your sketch, bearing in mind 
the need to aim for a spacing of 0.05 to 0.02 
wavelengths between the ends. There’s lit- 
tle point in making the radials longer unless 
you also fit in more of them, to keep the end- 
to-end spacing the same. You'll no doubt 
make your own compromises, and do as 
much as you can. In my narrow garden I 
took the pragmatic way out, and used extra- 
long radials along the length of the garden 
(the benefits might be minimal, but it wasn’t 
much extra effort) and laid them extra- 
densely in the crosswise direction where 
some radials had to be very short. 


REFERENCES 

[1] Short Ground-Radial Systems for Short 
Verticals by Jerry Sevick, W2FMI. OST, April 
1978, page 30. 

[2] Brown, Lewis and Epstein, Ground Sys- 
tems as a Factor in Antenna Efficiency, Proc. 
IRE (USA), June 1937, p 753. + 


If you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or e-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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MAINS SAFETY 

AS EXPECTED, January’s item on checking 
mains plugs and leads produced a lot of inter- 
esting comment. 

One reader suggested that moulded-on 
plugs are always to be preferred to DIY con- 
nectors. I’m not so sure about that. The recent 
safety regulations look good on paper, but it 
seems to me that they have failed to prevent a 
flood of bad-quality and sometimes dangerous 
products, which are appearing on the market 
faster than Trading Standards Officers can 
keep up. One blatant example is the ‘fuseless’ 
moulded 13A plug; advice from Trading Stand- 
ards Officers and other experts is that these are 
illegal. Also, declarations of conformity to 
regulations are useless if quality control is 
poor. In practice the cable anchoring in moulded 
products can be much worse than the cable grip 
on a DIY plug, and one IEC lead from a very 
well-known UK component supplier had live 


copper wires protruding out of the moulded - 


plastic! Compared with products like those, I’d 
much rather have a good-quality DIY mains 
plug that I know has been properly fitted and 
fused. 

G3ENV rightly reminds us that ifthe ends of 
the stripped leads on an appliance cord have 
been soldered, they need to be cut off and re- 
connected. The soldered ends were generally 
required for testing at the factory, but in a 
mains plug the solder will cold-flow away 
from the pressure of the brass screw and cause 
a loose connection, no matter how tightly you 
did up the screw originally. Unfortunately, a 
disconnected earth conductor will not nor- 
mally be noticed unless you regularly check 
for such faults. This was one of the shortcom- 
ings that led to the requirement for factory- 
assembled plugs - hence the need to check all 
DIY plugs. 

G3NKS, G8DPS and G8LOF added two 
complementary suggestions, both intended to 
deal with the situation where the cord grip fails 
and the wires are pulled out of the plug. One is 
to leave the least internal slack on the live 
(brown) wire, and the other is to leave the most 
slack on the earth wire. Both of these tend to 
happen almost automatically, thanks to the 
internal layout of most 13A plugs. However, I 
would never recommend deliberately leaving 
the brown wire tight. And don’t let any of these 
refinements hide the need for a secure cord 
grip that will not pull free. 

Mat Adlard, G7FBD, added some further 

reminders: 
@ In plugs where you wrap the wires around 
a terminal post, the strands need to be twisted 
to forma solid (but not soldered) core, and then 
wrapped clockwise around the post, so that the 
screw will tend to tighten the wire around the 
post. 
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@ Rubber-type mains plugs harden with age, 
and some ancient samples are now liable to 
break apart at the slightest impact. Plugs that 
show any signs of cracking should be replaced. 
Cracking is particularly liable to start in covers 
that have been cut because someone forgot to 
fit them on to the cable before wiring the plug. 
@ The chances are that any rubber-covered 
flex in your shack will be ancient. If it shows 
the slightest sign of crazing when bent sharply, 
replace it. 

@ Check that the pins are not loose within the 
body of the plug, and show no signs of arcing 
(burn marks and black discoloration). 


MORE REPAIR HINTS 

I HAD TROUBLE in finding the web site on 
monitor repairs that you mentioned in Septem- 
ber 1998. 

SURE ENOUGH, as soon as RadCom was 
published, the sci.electronics.repair web site 
crashed for about two weeks! That’s the way of 
the web, I’m afraid... There was also a minor 
problem with an unwanted hyphen, but apart 
from that, the URL given was correct [1]. 
While we’re visiting that gold-mine of useful 
practical information on repairing just about 
anything electronic, here are two more nug- 
gets, courtesy of Sam Goldwasser: 

Fig 1 is a suggested circuit for a tool that will 
discharge the main filter capacitors in switch- 
mode power supplies, TVs, and monitors. A 
visual indication of charge and polarity is 
provided from maximum input down to a few 
volts. The total discharge time is approxi- 
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Fig 1: Capacitor discharge tool with LED polarity 
indication. Take care with insulation, as high 
voltages may be involved. 


mately 1 second per 100uF of capacitance 
(5xRxC with R = 2000Q). The safe capability 
of this circuit with the values shown is about 
500V and 1000uF maximum. In Fig 1, the 
unmarked diodes are general-purpose silicon 
rectifiers, eg the 1N4001-1N4007 range (PIV 
is irrelevant) and the LEDs are the ordinary 
non-flashing type without internal resistors. 
You can use different colours to indicate polar- 
ity if you wish, or a single packaged bi-colour 
LED. 

The two sets of four diodes will maintain a 
nearly constant voltage drop of about 2.8-3.0V 


across the LEDs and 100Q resistor, as long as 


the input voltage is greater than about 20V. 
This means that the brightness of the LED is 
not an indication of the voltage on the capaci- 
tor, until it drops below about 20V. The bright- 
ness will then decrease until it cuts off totally 
at around 3V. 

Safety note: even after using this tool to 
discharge a high-voltage capacitor, always use 
a voltmeter to confirm the fact before touching 
anything! 


THE SERIES LIGHT BULB TRICK 
THIS IS A combination of hints from Sam 
Goldwasser and other experienced repair spe- 
cialists, including Bob Frost, GISZK. 
MONITORS AND switch-mode power sup- 
plies often use expensive power semiconduc- 
tors. If you are trying to diagnose a fault, or 
have hope you just repaired one, there is quite 
ahigh risk of doing more damage if you simply 
connect it to the mains and switch on. There are 
two ways to reduce this risk: using a Variac to 
bring up the mains voltage gradually (Fig2a), 
or using a series load resistance (Fig 2b). In 
both cases you’re hoping to limit the current to 
the power semiconductors to non-destructive 
levels. 

A light bulb (Fig 2c) is a particularly 
good series load, and has many useful fea- 
tures that make it even better than a Variac. 
Its resistance will vary by about 1:10 from 
cold to hot, and of course it is short-circuit 
proof. It also provides a useful visual indi- 
cation of the current drawn by the circuit 
under test. For example, full brightness 
means a short-circuit or a very heavy load, 
so a major fault is probably still present. 

Initially bright but then settling at re- 
duced brightness is a good sign. It probably 
means an initial pulse of current as the 
power supply filter capacitors charge, set- 
tling to a lower value to supply the rest of 
the circuit. There could still be a problem - 
check the output voltages from the power 
supply - but if you increase to full mains 
voltage, it will probably not result in an 
immediate catastrophic failure. : 

Pulsating brightness means that the power 
supply is trying to come up, but is then 
shutting itself down. This could be due to an 
overcurrent or overvoltage condition, or it 
could simply mean that the light bulb is too 
high in resistance for the equipment under 
test. 

Suggested wattages for the bulb: 40W for 
small switch-mode supplies, eg video record- 
ers; 100W for small monitors or TVs; and a 
150-200W bulb for PCs and large colour 
monitors or TVs. For a TV or PC, Sam 
Goldwasser gives the useful hint to unplug the 
degaussing coil, as this represents a heavy 
load at switch-on which may prevent the unit 
from ever starting up with a light bulb in the 
circuit. 
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Fig 2: (a) using a Variac autotransformer to apply mains voltage gradually to equipment under repair, (b) 


using a series resistor, (c) using a series light bulb. 


Another important accessory for repairing 
a mains switch-mode power supply is a 1:1 
isolating transformer (Fig 3). This is an old 
servicing trick from the days of ‘live chassis’ 
valve radios, and is equally valuable with 
switch-mode power supplies because many 
of the parts that may need test and replace- 
ment are referenced to mains neutral rather 
than earth. Note that the isolation transformer 
must be ‘double-wound’, with completely 
separate primary and secondary windings, 
and nota single tapped autotransformer wind- 
ing like a Variac. The isolation from the mains 
supply allows you to earth the mains neutral 
input to the power supply, so that you can use 
an oscilloscope and other earthed test equip- 
ment to work on the mains input side of the 
power supply without tripping the residual 
current circuit breaker (RCCB) in the mains 
consumer unit. This is much safer than the old 
trick of removing the earth wire from the 
mains plug of the ’scope itself. The drawback 
is that you lose the personal protection of the 
RCCB in the consumer unit, although you 
could always add another RCCB in the trans- 
former secondary, as shown in Fig 3. There is 
no totally safe way to work on live mains- 


operated equipment, so you have to learn to be 
careful instead. Ignore the idiots who say that 
‘a few mains shocks won’t do you any harm’; 
your firm intention should be no shocks, ever 
- and it can be done. 

Turning to lower-voltage circuits such as 
5V logic, you can use the light bulb trick to 
identify short-circuit faults quickly and 
safely. In this case you need a car headlamp 
bulb in place of the fuse at the output of the 
5V power supply. If all is well with the 
circuit, and nothing is being clocked at high 
speed, the current demand will normally be 
quite low. The bulb might light dimly or 
even not at all. But if there is a short-circuit 
fault, the bulb will light quite brightly, lim- 
iting the current to a value that is usually 
safe for both the power supply and the 
undamaged parts of the circuit. The next 
step is to search around using your fingers, 
eyes and nose, until you find the IC that has 
failed and is getting notably hotter than the 
others. Leave the light bulb in place until 
after you have changed that IC and have 
tested the circuit again, because there may 
be other problems. In a modern PC, you can 
expect the CPU and other high-speed ICs to 
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Fig 3: Using a series light bulb in combination with a double-wound mains isolating transformer. This 
allows you to use safely earthed testgear connected to the neutral input. Note the sensitive residual 
current circuit breaker in the secondary of the transformer, for shock protection. 
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get warm or even hot - there is no substitute 
for experience in identifying a situation that 
is not normal. 


HOT-MELT GLUE 

YOU SAY THAT hot-melt glue is good for 
sealing outdoor connections on antennas, but 
what are its RF losses like? 

I MENTIONED this use for hot-melt glue in 
the April 1995 and April 1998 columns, so 
maybe the word is getting around. G4DCV 
had successfully tested a glue stick in the 
microwave oven, and I can confirm this. At 
the end of the test, the stick was no warmer 
than the surrounding air; in fact it was dis- 
tinctly cooler than the empty glass that was 
being used to hold the stick upright. The basis 
of the microwave oven test is that RF losses 
tend to increase with frequency, which is a 
reliable assumption for the kinds of materials 
that you would consider for use as RF insula- 
tors. If the losses at 2450MHz are low, the 
losses at lower frequencies will be lower still. 

Some more information on the material of 
hot-melt glue has come to light from Barry 
Ornitz, WA4VZQ, who is an industrial chem- 
ist. He says that most of the white hot-melt 
adhesive sticks for home use are amorphous 
polypropylene. This used to be a waste mate- 
rial that had failed to polymerise with the 
desired molecular structure, but when good 
uses were found for it as an adhesive, large 
quantities were dug up from landfill and re- 
claimed. 

Amorphous polypropylene glue sticks are 
usually translucent white and waxy-feeling. 
Once molten, the polypropylene becomes 
fairly tacky by itself, but additives are gener- 
ally used to improve its sticking properties. 
Other compounds like fillers and antioxidants 
may also be added. 

Not all hot-melt adhesives are based on 
polypropylene. Some are based on polyvinyl 
acetates and polyvinyl alcohols. These tend to 
be tan or brown in colour, and are likely to 
have poor RF properties - but if you have a 
microwave oven, you don’t have to guess. 
When carrying out the microwave oven test, 
always include a half-glass of water to act as 
a ‘dummy load’ for the magnetron. Run the 
oven until the water boils, but pause fre- 
quently to check the temperature of the mate- 
rial under test. And remember: only ever try 
this with insulating, non-magnetic materials. 
Metallic materials are liable to burn up or 
damage the magnetron, and magnetic materi- 
als such as ferrites are liable to overheat and 
shatter! 


REFERENCE 

[1] The sci.electronics.repair web site is at 
http://www.repairfaq.org/REPAIR/ 
F_Repair.html % 


If you have new questions, or any comments to add to this month’s column, I'd be very pleased to hear from you by mail or E-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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CIVILISED BRICKS 

I RECENTLY ACQUIRED an old ‘100W’ 
VHF transistor power amplifier. Here’s 
what it needed to put it back into commis- 
sion. I'll take you through step by step, to 
cover all the practical points. 

DON’T EXPECT 100 watts. The first rule of 
solid-state VHF/UHF power amplifiers is 
that you shouldn’t expect anything like as 
much clean SSB power output as the manu- 
facturer claims. We’ll come back to that 
topic later. 

The first step was to remove the bottom 
cover to take a look 
inside. 

The first thing to 
notice was that the 
two DC power wires 
were a bit thin and 
in poor condition. 
The power output 
and linearity of a 
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the voltage drop. To save you the trouble 
of looking up the resistivity of copper, it 
works out that a 1mm? conductor carrying 
1A will drop 18mV per metre at 25°C. So, 
for a lm length of 3.53mm? twin cable 
carrying 20A, we must multiply by 2 be- 
cause the total conductor length is 2m, 
divide by 3.53, and finally multiply by 20. 
That’s just over 200mV, which looks very 
acceptable. Maplin also sell the appropri- 
ate crimp terminals to attach this cable to 
the power supply. These are the ‘yellow’ 
range for conductors of 2.6-6.6mm? and 
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_-—* protection diode 


can be assembled using only normal span- 
ners. For the cable gland we unfortunately 
have to jump to a different catalogue - 
sorry, but that’s often the way it goes with 
component purchasing. Farnell have M12 
plastic glands (927-715), but you have to 
buy a minimum of five, so it’s worth check- 
ing other sources too. You could also think 
of some other method of cable clamping. 

Another problem was the fuse holder 
mounted on the rear panel of the amplifier, 
which had obviously seen better days. Don’t 
even think about omitting a fuse! It probably 
won’t protect the RF 
power transistors, but 
if the transistors go 
short-circuit for some 
reason, the fuse will 
save the power sup- 
ply and may even pre- 
vent a fire if you’re 
using a large battery. 


Reverse polarity 


“12V’ amplifier de- 
pends critically on 
maintaining enough 
volts on the transis- 
tors, so every frac- 
tion of a volt lost in 


~ 
Old fuseholder 
(unused) 


To rest of 
amplifier 


| 


25A-rated 
twin cable 


In conjunction with 
the large diode con- 
nected across the in- 
put to the amplifier 
(Fig 1), the fuse can 
also be your protec- 


the power wires is 
vital. Mostregulated 
power supplies 
sense and regulate 
the voltage at their 
own output termi- 
nals, and any voltage drops in connecting 
wires are someone else’s problem: yours or 
mine. When you consider that the current 
drawn by a ‘100W’ amplifier or transceiver 
is about 20 amps, it only needs a lead resist- 
ance of 0.025Q in each of the two wires to 
create a voltage drop of 1V, which would be 
quite unacceptable. There are two ways 
around this problem. One is to use a regu- 
lated power supply with remote sensing, 
which regulates the voltage right at the load 
and thus compensates for volt- 
age drops in the wires; but most 
off-the-shelf supplies for the 
amateur market don’t have that 
facility. It’s not an option for 
power supplies based on 12V 
batteries either. The other solu- 
tion is to beef up the connecting 
wires. Maplin have recently in- 
troduced a wide range of heavy 
twin red-and-black cable for just 
this purpose, and it’s conven- 
iently sold by the metre. The 
25A-rated cable (XS74R) looks 
pretty good for this application. 
Its cross-section is 3.53mm7’, so 
it’s not difficult to calculate 
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Fig 1: Mechanical arran 
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gement for upgraded DC power lead and fuse. 


the choice of shape and size depends on 
the terminals of your PSU. 

The next problem was the way the cable 
was terminated inside the amplifier. It en- 
tered through a wedge-grip insulating grom- 
met which provided a very firm grip against 
an accidental pull or push, but wouldn’t 
take the new thicker cable. The answer to 
that problem was an M12-size plastic ca- 
ble gland (Fig 1) which grips very firmly 
using a compressible rubber gasket and 
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Fig 2: Circuit for adding a DC power relay. Note the diode D1 which protects the 


fier against reversed DC polarity. 


tion ggainst a reversed 
DC power connection 
(but there’s an even 
better way to do that - 
see below). Twenty 
amps is approaching 
the maximum rating for a small panel-mount- 
ing holder for 1.25in fuses, so I took the 
opportunity to change to the popular automo- 
tive blade fuses in an in-line plastic holder. 
Unfortunately the Maplin holders aren’t rated 
up to 20A, so it’s back to the Farnell cata- 
logue where you’ll find a nice wire-ended 
holder rated up to 30A (287-143). Fig 1 
shows how the complete cable and fuse holder 
assembly went together at the rear of the 
amplifier. One tag of the existing fuse holder 
was still used as a terminal, but 
the fuse holder itself is left empty. 

The next thing I noticed was 
the absence ofa real on/offswitch. 
Well, there was a miniature tog- 
gle switch labelled ON/OFF 
which interrupted the bias sup- 
ply to the three RF power transis- 
tors, but the supply to the collec- 
tor of the transistors was hard- 
wired all the way back to the 
power supply. When all is well, 
the transistors will draw only a 
very small current without for- 
ward bias; but I strongly prefer 
that when the main switch says 
OFF it means that the whole unit 
is totally isolated from the power 
supply. The answer is to fit a 


ground 


RF power 
transistors 
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relay that is rated to carry the full 20A. As 
automotive electronics have become more 
advanced, high-current 12V DC relays have 
become much cheaper. There is now a wide 
choice of 20A single-pole relays in all shapes 
and sizes, and all for well under a Fiver. I'll 
leave it to you to find one that will fit some- 
where inside your amplifier - for example the 
astonishing Matsushita device from Maplin 
(NC44X) which measures only 13 x 14 x 
9.5mm! 

Fig 2 shows the modification to incorpo- 
rate the relay, which was fitted using ‘Sticky 
Fixer’ pads into in a suitable space, well away 
from the RF components. The existing switch- 
ing arrangement was left as it was, and the 
ON/OFF switch SW1 changed to a double- 
pole type to operate the relay at the same time. 
Note the diode D1 in series with the relay coil; 
if the DC supply connections are reversed, 
the diode blocks the current to the relay coil 
and nothing will switch on. D2 is the usual 
diode that protects against the reverse current 
surge from the relay coil when it is de-ener- 
gised. The final refinement was a fan to help 
the undersized heatsink. The fan is a quiet 
12V DC model salvaged from-a PC power 
supply, and was glued on top of the heatsink 
using four dabs of silicone sealant. The fan 
starts as soon as the unit is switched on, and 
is powered by a pair of thin wires passing 
through a small hole drilled through the 
heatsink, clear of the printed circuit board 
beneath. The airflow is downwards, since it’s 
better to blast air directly at the hot part of the 
heatsink than it would be to help the warm air 
rise. 

Those modifications have made the am- 
plifier much more civilised to use, but how 
does it perform on the air? Well, I already 
knew enough to abandon any hope of seeing 
the full rated 100W. Modern 100W HF trans- 
ceivers use power amplifiers that are capable 
of significantly more output than required, 
and are deliberately under-run to improve 
linearity at the rated 100W level. In contrast, 
VHF/UHF ‘bricks’ are notorious for being 
rated flat-out and gasping. If pressed, the 
manufacturers may say that the rated power 
output is ‘typical but not guaranteed’, but 
in reality very few examples manage to 
achieve the rated output. Genuinely ‘typi- 
cal’ is that my so-called 100W amp 
wouldn’t give more than 90W flat-out, 
with plenty of RF drive and the power 
supply wound up to 13.8V, which was as 
high as I dared push it. At that power level 
the SSB quality is appalling! A much more 
realistic output target for the typical ‘100W 
brick’ would be about 50W, and at that 
power level the SSB signal should be rea- 
sonably clean and creditable - but that’s 
quite another story [1, 2, 3]. 


TAPPED INDUCTORS 

WHY DO BAND-SWITCHES in ATUs and 
transmitter tank circuits usually short out the 
unused portion of the inductor? Doesn’t this 
create shorted turns? 

SHORTED TURNS are a disaster in mains 
transformers or RF inductors wound on 
toroidal cores, but are actually the best 
way to deal with unwanted turns in a typi- 
cal air-cored solenoid inductor, as used for 
RF. The difference is in the coupling be- 
tween the turns. In a 
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coaster’ rotary inductor, where a shorting 
contact can be moved anywhere along the 
coil. Also, a switched coil that covers the 
whole HF band is often divided into two or 
more physically separate inductors, usu- 
ally one for 30-14MHz, another for 10- 
3.5MHz and perhaps a third inductor for 
1.8MHz. These sections are usually ar- 
ranged to minimise magnetic coupling be- 
tween them, so it matters even less if one or 
more sections are completely shorted out. 
There is another very 


mains transformer or an 
RF inductor wound on a 
toroidal core, almost all 


good reason for shorting 
unwanted turns, rather 
than leaving them open- 


the flux is trapped within ° circuit. Consider what 
: 10 80 eee 
the core and magnetic happens in Fig 4b when 
coupling between turns operating on 28MHz. The 
is very nearly perfect (a) small, active part of the 
(Fig 3) so very high cur- inductor will act as the 
rents can be induced in a primary of a step-up 
shorted turn, creating transformer that (in spite 
large I’R losses and dras- of flux leakage) can pro- 
tically reducing the in- 10 WV 80 duce a very high voltage 
ductance and Q of the at the open-circuited far 
whole winding. The situ- (b) oe ie end of the coil. In all prob- 


ation in an air-cored so- 
lenoid is rather different, 
because there is signifi- 
cant flux leakage (Fig 3). 
The magnetic coupling 
between turns decreases with distance 
along the winding, so shorted turns have 
much less effect on the inductance. In 
practice, the current in the shorted part of 
the coil tends to be low enough that the PR 
losses can be kept under control. 

In a typical switched pi-tank or ATU 
inductor, the short appears across several 
turns of the coil (Fig 4a). The effect is to 
reduce the inductance of the rest of the coil 
by only a little bit more than would be the 
case if those turns were completely re- 
moved. The same happens in a ‘roller 
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Fig 3: Magnetic flux leakage in an air-wound solenoid 
inductor is much greater than in a toroidal inductor 
or a mains transformer. 


Fig 4: (a) Shorting bandswitch has 
little effect on inductor Q. (b) Non- 
shorting bandswitch can create astep- 
up transformer and cause arcing. 


ability it will arc over the 
80m contacts of the 
bandswitch. Even when 
using a bandswitch that 
shorts out the unwanted 
part of the inductor, there are possibilities 
of other stray resonances causing high 
voltages part-way along the winding. These 
resonances depend critically upon the 
physical construction of the inductor and 
its proximity to other metal objects, both 
of which affect the distributed self-capaci- 
tance. A tendency to arc across unused 
contacts on the bandswitch can sometimes 
be cured by connecting a small, high- 
voltage capacitor permanently across the 
contacts - or maybe across a different pair 
of contacts if that’s what it needs. Even 
10pF may be enough to shift the resonance 
and cure the problem. 


CAUTION 

THE USE OF an RCCB after the mains isolat- 
ing transformer (Jn Practice, Fig 3, March 
1999) does not provide protection against 
electric shock. More details next month. 


REFERENCES 

[1] For general advice on linearity testing of 
SSB amplifiers, see Phe VHF/UHF DX Book 
(RSGB Book Shop, pages 108/109) and [3]. 
[2] A major source of non-linearity in transis- 
tor Power Amplifiers is the base bias supply 
- see In Practice September and December 
1995, or the Jn Practice web pages at my site 
[3]. ; 

[3] http://www.ifwtech.demon.co.uk/g3sek @ 


If you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or E-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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TRIPPING UP WITH RCDs 
THE RESIDUAL CURRENT circuit breaker 
in Fig 3 of your March column won't do 
anything to protect against shocks! 
YOU’RE RIGHT - my apologies, and thanks 
to the many readers who wrote and e-mailed 
about this. Residual Current Circuit Breakers 
operate on any imbalance between the line 
and neutral currents, and in Fig 3 of the March 
column no imbalance can ever arise from a 
fault occurring ‘downstream’ of the breaker. 
To explain this more fully, Fig 1 shows the 
basic principle of an RCCB, increasingly 
known as a Residual Current protective De- 
vice or RCD. The heart of the RCD is a 
current transformer with two identical 
windings carrying power to the downstream 
load. When equal and opposite currents flow 
through these windings there is no net mag- 
netisation of the core. A small imbalance 
between the live and neutral currents due to 


leakage from live to earth will produce a net ° 


magnetisation which operates the electro- 
magnetic circuit-breaker. That is the basic 
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(interlocked) 


Current 
balance 
transformer 
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Fig 1: Basic principle of a Residual Current Circuit 
Breaker or RCCB/RCD. The circuit breaker only 
operates if live and neutral currents are unequal 
(the test resistor creates this condition 
deliberately). 


principle, although it needs some refine- 
ments to mass-produce an RCD that will trip 
quickly and reliably on the difference be- 
tween currents of 30.00A and 30.03A, yet 
not be tripped by the current surge when the 
30A load is switched on. 

Fig 2a shows how the RCD is incorporated 
in a typical domestic installation. The impor- 
tant thing to note here is that the mains supply 
has the neutral and earth connected together 
at the transformer substation. In traditional 
distribution systems there is an earth spike at 
each house, connected only to the domestic 
earth conductor. In more modern Protective 
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Fig 2: Simplified circuit of mains installation. (a) Normal conditions - live and neutral currents through 
the RCD are always equal. (b) Fault condition - fault current flows through live conductor but not through 
neutral, so the RCD trips. 


Multiple Earthing (PME) systems the neutral 
and earth conductors are bonded together at 
each house, immediately at the supply side of 
the RCD. In both cases the effect is the same: 
normally the 'live' current through the RCD 
(brown arrows) is balanced by the neutral 
return current (blue arrows) so the RCD does 
not trip. However, an accidental leakage from 
live to earth allows current to bypass the RCD 
(Fig 2b, red arrows). This creates an imbal- 
ance between the live and neutral currents 
that causes the RCD to trip. 


o 
the RCD, but the RCD would trip when the 
scope earth is connected at the equipment 
side. .. work it out.) The fact that an RCD does 
nothing useful in this situation actually rein- 
forces the point I made in the March column: 
ie there is no totally safe way to work on live 
mains-operated equipment. 

The traditional method for working on 
‘live-chassis’ equipment was to disconnect 
the mains earth wire from the chassis/case of 
the test equipment and allow it to ‘float’ - but 


The essential parts of Fig 
3 from March are reproduced 
here in Fig 3, which shows 
that there is no opportunity 
to bypass the RCD because 
the currents flowing in and 
out of it are always equal - 
any leakage to earth is merely 
seen as an additional load. 
You will recall that the only 
purpose of this set-up using 
an isolating transformer was 
to allow the earth and mains 
neutral to be linked together 
at the downstream side, so 
that safely earthed test equip- 
ment could be connected to the mains neutral 
of equipment being serviced. (A few people 
suggested that the earth link should be moved 
to the upstream side of the RCD, but that 
would defeat the whole object of this servic- 
ing set-up. The neutral of the equipment 
under test would be safely earthed through 
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1:1 mains 
isolating 


Link for testing 


equipment Fault current 


Fig 3: Essentials of Fig 3 from March - even under a fault condition, the 
RCD will not trip. 


that can be dangerous because you’re rely- 
ing on the insulation of the mains trans- 
former in the test equipment, and also on 
there being a low capacitance from mains to 
the chassis. The second assumption is par- 
ticularly risky in modern test equipment that 
includes a mains filter, because most filters 
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contain ca- 
pacitors con- 
nected from 
live to case 
and neutral to 
case. If the 
earth wire is 
disconnected, 
those capaci- 
tors form a 
voltage di- 
vider directly 
across the 
mains, taking 
the equipment 
case up to 


Typical 
mains filter 


1 mains 
isolating 
transformers 


suppression 


Check actual 
frequency before 


linking 


Fig 4: Simplified mains circuit of a typical ‘off-line’ switch-mode supply, showing some possible RFI and surge 
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about 115V suppression components. Using a 1:1 mains isolating transformer, point A can probably be linked to chassis for COntent, it 
AC! The im- _ testing, but check the actual circuit first! makes a big 
pedance is blob. On the 


probably too high to kill you, but it’s low 
enough to give you an unpleasant surprise. 
Some people do even dafter things: one 
correspondent told of a colleague who was 
using two oscilloscopes, one of which was 
earthed but the other was floating at about 
800V. He knew it was dangerous, but he was 
working on an insulating safety mat and he 
definitely intended never to touch both 
*scopes at the same time. Sure enough, he 
forgot. . . That’s a very good illustration of 
why it’s better to keep all equipment cases 
solidly connected to mains earth, and accept 
that youll have to work around whatever 
difficulties that policy may create. 

Phil Moss pointed out that many switch- 
mode power supplies include a bridge rec- 
tifier that is effectively connected directly 
across the mains (Fig 4). These are some- 
times called ‘off-line switchers’, a rather 
misleading term derived from the fact that 
they operate directly off the ‘line’ (the 
American term for the mains). If you want 
to use an oscilloscope to examine the high- 
frequency switching waveforms on the 
primary side of the transformer T1, you'll 
usually find that these circuits are refer- 
enced to the negative end of the smoothing 
capacitor. Since this point is at neither 
mains live nor neutral potential, the only 
way to retain a safety earth on the oscillo- 
scope is to use a mains isolating trans- 
former with both live and neutral outputs 
floating, and to earth the negative end of 
the smoothing capacitor(s) shown as point 
A in Fig 4. This will be possible if there is 
no other connection between that point 
and mains earth, except perhaps for small 
RFI suppression capacitors which won’t 
matter for most testing purposes. How- 
ever, switch-mode power supplies are no- 
torious for their wide variety of design 
features, so you would need to check very 
carefully to make sure that point A is 


indeed ‘earthable’ in the supply that you 
are trying to test. If in doubt, manage 
without making those tests! The second- 
ary side of switch-mode power supplies is 
isolated from the mains side by the ferrite- 
cored transformer T1, and in most supplies 
for PCs and consumer electronics the low- 
voltage outputs are referenced to the chas- 
sis which can safely be earthed. Major 
exceptions are supplies for cathode ray 
tubes (TVs and monitors) and devices such 
as travelling wave tubes, which often have 
outputs referenced to high voltages - treat 
these with extreme care if you need to 
work on them. 

I repeat: there is no totally safe way to 
work on live mains-operated equipment or 
high-voltage power supplies. Safety relies 
very much on your personal skill and care. 
If in doubt, don’t try it! 

Once again, thanks to everyone who 
wrote and e-mailed. In spite of the mis- 
take, it’s good to know that many people 
are not only reading the column but also 
thinking about it. 

Horror stories about poor-quality mains 
leads and adapters continue to roll in, and 
the illegal and dangerous unfused 13A 
plugs have even attracted the attention of 
Which? magazine. Trading Standards Of- 
ficers and consumer organisations are do- 
ing what they can, but it’s not surprising 
that we radio amateurs find ourselves spot- 
ting many problems first, both at home and 
in the workplace. 


SOLDER AND FLUX 

THANKS TO Gerry Coleman, G4IVT, for 
an interesting follow-up. 

GERRY POINTS OUT that a typical elec- 
tronics-grade cored solder contains only 
about 3% of flux, which doesn’t amount to 
very much in a 26 SWG wire. Also, there 
is a time limit on its effectiveness, because 


other hand, where can we get a suitable 
flux without solder? G4IVT recommends 
Fluxite, the familiar brown paste used by 
plumbers. This will certainly work, be- 
cause it’s very aggressive at removing 
oxidation, but it leaves a filthy brown 
residue which may continue to cause cor- 
rosion. For many years the Heathkit com- 
pany refused to repair any of their kits that 
had been built using flux paste - and no- 
body could blame them. 

If I run out of flux, I normally tend to use 
the source nearest to hand, by adding some 
extra solder and then lifting off the surplus 
on the tip of the iron. Like G4IVT, I have 
occasionally used Fluxite on electronic 
wiring, but only in very tiny amounts and 
not until ordinary flux has failed. It usually 
works, but I still hesitate to recommend it 
to anyone else! Liquid flux is regularly 
used in industrial assembly of PC boards, 
but it’s normally only available in indus- 
trial quantities. A new alternative is the 
Electrolube Flux Pen, which allows you to 
dispense a small, controlled amount of 
flux exactly where you need it. At about 
£4.50 (Maplin order code ND29G) it’s an 
outrageously expensive way of buying 
chemicals; but it’s hard to beat for conven- 
ience, and as an occasional source of top- 
up flux it should last a very long time. 
After more than 20 years, I’m still only 
half-way through my first Sml Electrolube 
Contact Cleaner Pen (Maplin order code 
FM77J, now £1.99) and there’s another 
one waiting in the drawer! 


WEB LINKS 

TO REACH ANY web site mentioned in 
this column, click the link from the Jn 
Practice page, so please add the Jn Prac- 
tice URL at the foot of the first column to 
the Bookmarks/Favorites -in your web 
browser. ¢ 


nn 


If you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or E- 
mail. But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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VOLTAGE-DOUBLER POWER 

SUPPLIES 

WHAT STANDARD OF voltage regulation 

should I expect from a voltage doubler circuit 

for avalve power amplifier? [have heard both 

good and bad reports. 

THE CLASSIC REFERENCE for the per- 

formance of transformer-rectifier-filter circuits 

dates back to 1943 [1], but it still appears in 

many modern texts [2]. There are several fac- 

tors that affect the voltage regulation, notably: 

@ Frequency of AC input, w = 2pF 

@ Smoothing capacitance, C 

@ Load resistance R, (DC output voltage 
divided by DC output current) 

@ Source resistance R, - see below. 

These factors are important for all kinds of 
rectifier circuits, but especially for voltage dou- 
blers (Fig 1) because the DC output voltage 
regulation can be very poor unless you get the 
design right. ‘Source resistance R,’ actually 
covers several terms that affect the source im- 
pedance of the rectified AC voltage. The main 
resistances, which are simply added together, 
are: 

R, = secondary resistance of transformer 

+ primary resistance of transformer, multi 

plied by (turns ratio)? 

+ source resistance of mains supply, mul 

tiplied by (turns ratio) 

Once you have than information, the stand- 
ard curves of Fig 2 will relate the on-load output 
voltage to the off-load voltage using two param- 
eters: (@ x Cx R, ) for the x-axis; and a family 
of curves of constant (R,/R, ). These curves pre- 
date the era of computer analysis, but they are 
accurate enough to let us know how the circuit 
will behave. 

Here’s anexample. We want 
to predict the voltage regulation 
of a doubler circuit using a 
1200V transformer that has a 
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tion determines the minimum working voltages 
required for the reservoir capacitors. To esti- 
mate the voltage regulation under load, let’s 
work out what the DC voltage will be when the 
PA valves are drawing (a) 500mA full-load 
current, and (b) 100mA standing current. 
First, calculate R,. We know that the second- 
ary resistance of the transformer is 13Q, but we 
don’t know the primary resistance, and it can be 
bit tricky to measure such low resistances. 
Fortunately there’s a short-cut: in large power 
transformers it usually works out that the trans- 
formed effect of the primary resistance is about 
the same as the secondary resistance, so we can 
simply add another 13Q to R, (working back- 
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- Fig 1: Full-wave voltage-doubler rectifier. 


wards, that would imply a primary resistance of 


_about 0.5Q). The resistance of the mains supply 


may not be negligible; even if it’s only about 
0.5Q upstream of the transformer primary, 
that’s yet another 13Q to be added to R, making 
a total of 39Q. We are assuming that leakage 
inductance is negligible, but the effective total 
value for R, is clearly much more than the 
secondary resistance alone. 

Now let’s use Fig 2 to find the on-load output 
voltage for case (b), 5|00mA. Unfortunately we 
have to start with a guess at the answer, because 
we need the on-load voltage in order to work out 


secondary resistance of 13Q. 
The primary resistance is a small 
fraction of an ohm, too low to 
measure easily. The smoothing 


capacitance is 56 + 56uF, and 
we're using microwave oven 
rectifiers with 16 silicon diodes 


in each string. The voltage dou- 
bler works by charging each 
reservoir capacitor on alternate 
half-cycles of the AC wave- 
form. The off-load output volt- 
age across each capacitor will 
thus be the peak AC voltage, 
minus the voltage drops through 


Vout (fraction of off-load voltage) 


the 16 diodes. We can estimate 
this as (1200V x V2) - (16 x 
0.7V) = 1686V. The total out- 
put off-load DC voltage from 
the doubler circuit will be twice 
that, about 3370V. This calcula- 


t/ 
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Fig 2: Output voltage regulation of the ‘full-wave’ voltage-doubler rectifier [1]. See text for 
explanation. You can download alarger version of this graph from the Jn Practice web site. 


R, . Let’s guess that the output voltage will be 
about 2900V, so: 

R, = (2900V / 500mA) = 5800Q. 

Therefore(R/R,) = (39Q/ 5800) 

= 0.0067 

The x-axis parameter (@CR, ) is 

(2x 1x 50Hz x 56uF x 5800Q) = 102 

Turning now to Fig 17, youneed to imagine 
a line for(R,/R, )=0.0067 which lies between 
the two curves for 0. 005 and 0.0075. Going up 
from (@CR, ) = 102 on the x-axis brings us to 
point A. Now move across to the y-axis, where 
we find that the on-load voltage for case (a), 
500mA, will be 0.88 times the off-load voltage 
of 3370V, which is therefore about 2970V. 

This is a little higher than my initial guess of 
2900V that was used to calculate R, , butifyou 
repeat the calculation starting from 2970V, 
you’ Il find the answer hardly changes. If your 
initial guess is anywhere within about 10% of 
the correct final answer, a single round of 
calculation will get you close enough for all 
practical purposes. 

For case (b), 100mA, you can start from an 
estimate of 3200V, so R, is 32kQ. Then 
(@CR, ) is about 560, which is off the right- 
hand side of the graph, but it isn’t difficult to 
estimate that the output voltage will be about 
(0.96 x 3370V) = 3230V was a good guess. 
From standing current to full load, 100mA to 
500mA, the output voltage therefore sags from 
about 3230V to about 2970 Vewhich is roughly 
8%. However, if you wanted significantly 
more than 500mA from this supply, you’d be 
sliding more rapidly leftwards down the slope 
of the curves in Fig 17. All those estimates are 
dependant on the accuracy of the parameters 
that contribute to R,, but you see the principle 
at work. 

Could we have done anything 
practical to improve that perform- 
ance? To do that, we need to move 
point A upwards on the chart. In- 
creasing the reservoir capacitance 
would increase (@CR, ) in propor- 
tion, but that only moves point A 
alittle to the right, and not signifi- 
cantly upwards. On the other hand, 
| skimping on capacitance would 

slide point A to the left and down- 
_ wards, so it seems that 2 x 56uF is 

a good choice for this application. 
The only way to move point A 
upwards is to decrease R,, and 
| thus toreduce (R//R, ). To achieve 
_ significantly lower values of pri- 
_ mary and secondary resistance, you 
| would needa considerably beefier 
_ transformer. A better alternative 
would bea full-wave bridge recti- 
| fier with a 2400V transformer, or 
a bi-phase rectifier with 2400-0- 
_ 2400V. These rectifier circuits are 
__ far less sensitive to the value of R, 
than a voltage doubler is, because 
they charge the whole reservoir 
capacitance on every half-cycle, 
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while the doubler only charges each of the two 
capacitors alternately. Transformers for bridge 
or bi-phase rectifiers tend to be designed with 
higher values of R, than transformers intended 
for voltage doubling, yet they still provide 
better voltage regulation. Turning that state- 
ment around, an ordinary surplus high-volt- 
age transformer will not have been designed 
for voltage doubling, and its R, will be too 
high. Many people have built voltage-doubler 
supplies around surplus transformers, and 
then been sorely disappointed - learn from 
their mistakes, and don’t even try! 

So why are voltage doublers used at all in 
transmitter power supplies? In practice, their 
only advantage is that they are very compatible 
with toroidal transformers. Compared with 
conventional open-frame laminated transform- 
ers, strip-wound toroids can offer large say- 
ings in cost, size, and weight. However, the 
construction generally does not allow very 
high secondary voltages, and this is where 
voltage doubling comes in. A toroidal trans- 
former with a voltage doubler can make a 
reasonably good high-voltage power supply at 
reasonable cost. . . but only with the right 
transformer. 


THE TOMBSTONE TECHNIQUE 
I’VE HEARD OF a modification to my rig that 
recommends removing a surface-mount diode. 
Somebody recommended crushing the diode 
with pliers, but is this a good idea? If not, how 
else can I remove SMD components? 
CRUSHING COMPONENTS that you might 
need again is the trademark of a rig-butcher! 
Think about it: you might not like the modifica- 
tion, and then where would you be? Also, if you 
remove the diode completely, where are you 
going to keep it safe, how are you going to 
remember what it’s for, and how will you re- 
member which way round it goes back on the PC 
board? The smart way to disconnect the diode is 
to leave it on the board, standing up on end (Fig 
3a). That ‘tombstone’ technique answers all the 
problems - except how to unsolder it in the first 
place. 

Unsoldering surface-mount devices using an 
ordinary soldering iron can be tricky. Youneed 
an iron with a very fine tip, and a fine pair of 
tweezers, but the biggest problem with SMD is 
the need to get at all the soldered joints hot at the 
same time. Even the simplest resistor, capacitor 
or diode can be a real problem, unless you have 
the right tools and the right technique. Fortu- 
nately, there are lots of scrap SMD boards 
around for you to practise on, and I’1l describe 
afew methods that don’t involve tools that are too 
much out of the ordinary. (We’re assuming here 
that you want to keep the PC board intact as well 
- if not, and you only want to reclaim the 
components, use a big hot-air gun as described 
in the May 1994 column, and rap the board on 
its edge to dislodge showers of hot components.) 


‘Tombstone’ 
(a) 


Soldering iron 
1 7 tip NS 
a——<——a / 


i ¥ melt both 
Sa sides 


(b) 


Large forked 
soldering iron 


f a tip 


Butane-fuelled 
iron with 
hot-air tip 
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Fig 3: (a) Standing an SMD component up 
‘tombstone-fashion’ leaves you the option of 
replacing it later. (b) Unsoldering an SMD device 
the crude way, with anormal soldering iron tip. (c) 
You can buy or make special forked tips for 
unsoldering both ends together. (d) Using a hot- 


The most basic technique for removing a 
small, single SMD device such as a resistor, 
capacitor or diode is to heat one end to melt 
the solder, then do the same at the other, then 
go back to the first one, and keep swapping 
over until both ends are molten and you can 
pick the component off with the tweezers (Fig 
3b). This is obviously an inefficient way to do 
it, and it heats up the whole component for 
much longer than necessary. Probably the 
next step forward is to use a special forked 
soldering-iron tip that straddles the compo- 
nent and heats both ends simultaneously (Fig 
3c). You can buy these in a variety of sizes, 
or for occasional use you can file your own 
out of an old large tip - remember to make the 
prongs long enough to prevent the body of the 
tip from contacting the component. 

More recently I’ve been experimenting 
with a small butane-powered soldering iron 
with a hot-gas tip (Fig 3d), on the recommen- 
dation of Gary Coffman, KE4ZV. This works 
quickly and well, for both unsoldering and 
replacement of SM components. Note: a hot- 
gas tip isnot the same as a gas flame tip, which 
is a miniature blowtorch! The hot-gas tip 
contains a small catalytic converter that 


In Practice 


‘burns’ the butane-air mixture withouta flame, 
and thus produces a much more moderate gas 
temperature. Gary uses the Weller Pyropen 
Junior, which is expensive in the UK (and 
accessories extremely so), but lower-cost 
alternatives are becoming available at £20 or 
less - just be sure that the one you buy has a 
proper hot-gas tip as described above. Hold 
the tip just 2-3mm above the board, with the 
chip itself almost inside the nozzle (Fig 3d) 
and then find out how many seconds you need 
to count before removing the iron and picking 
off the chip. Larger components take longer 
to heat up. You probably need to use the iron 
ata high setting, which consumes butane ata 
pretty fast clip, but the actual work only takes 
a few moments before you can turn down the 
gas again. 

Re-soldering with the hot-gas tip can make 
good use of the flux pen described in the April 
In Practice. PC pads from which a chip has 
been removed will have enough solder on 
them to provide at least a first tack bond. Just 
add a little flux, place the chip carefully in 
position and use the hot-gas tip, probably for 
longer than it takes to remove the same size of 
component. When the solder melts on all the 
joints at the same time, surface tension pulls 
the component into the correct position - 
which you could never achieve using a con- 
ventional soldering iron. Ideally you should 
put a tiny dab of solder/flux paste on each pad 
before placing the component, but this paste 
is expensive and ‘goes off’ quite quickly in 
storage, so it isn’t very practical for occa- 
sional amateur use. If in doubt about the 
quality of the joints achieved using the hot- 
gas tip, it is better to re-flow each joint 
individually using a conventional soldering 
iron with the finest possible tip, and a very 
small quantity of fine cored solder. 

Tweezers are worth a moment’s extra 
thought. Don’t use the needle-pointed type 
that cross over when you squeeze them firmly 
- there’s no easier way to flick a tiny SMD 
device into oblivion! The best kind of tweez- 
ers for this job are the flat-ended ones made 
from sheet, and angled jaws are obviously 
useful for getting in underneath the soldering 
iron or hot-air tip. Stainless steel tweezers are 
best, because they don’t pick up solder and 
also don’t conduct much heat to your fingers. 
Don’t be afraid to attack an existing pair of 
tweezers with a file to improve them for this 
particular job; the chemist’s shop may have 
something promising at a good price. 
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WHAT TIME IS IT? 

WHAT’S THE DIFFERENCE between GMT 
and UTC? 

THIS ANSWER IS based on an Internet post- 
ing by Dr John Laverty at the National Physi- 
cal Laboratory. The position of the sun in the 
sky has been used as a basis for measuring 
time for many centuries. One simple example 
is that 12 noon in local solar time occurs when 
the sun is highest in the sky. Unfortunately 
local solar time does not provide a uniform 
time scale because the earth’s orbit is ellipti- 
cal and its axis tilted, so solar time can be as 
much as 14 minutes slow in February and 16 
minutes fast in November. A more uniform 
time scale can be established by averaging 
across a whole year, to give a time-scale 
based on the position of an imaginary sun that 
would move with a uniform speed across the 
sky all year round. This imaginary creation is 
called a ‘mean’ sun (using the word ‘mean’ in 
the sense of ‘average’). 


Greenwich Mean Time (GMT) is the best 


known example of such a time scale: GMT is 
the local time on the Greenwich meridian 
based on the position of the hypothetical 
mean sun. Faster communications in the 19th 
century, particularly the railways, had made 
differences in local time at different locations 
very noticeable, and GMT was established as 
a world time standard at the International 
Meridian Conference in 1884. The time scales 
in active use today are Universal Time (UT), 
Co-ordinated Universal Time (UTC) and In- 
ternational Atomic Time (TAI). GMT and UT 
are very closely related. After the start of the 
GMT day had been shifted from 1200 to 
0000, astronomers introduced the term ‘Uni- 
versal Time’ in 1928 to denote GMT meas- 
ured from Greenwich Mean Midnight. There 
are actually three different definitions of 
Universal Time. UTO is based on direct ob- 
servation of the earth’s rotation on the prime 
meridian; UT1 is adjusted to account for the 
small movements of the earth relative to the 
axis of rotation (polar variations); and UT2 
adjusts for seasonal variations. The maximal 
difference between all three is a few tens of 
milliseconds. The simplified term ‘UT’ is 
used when these differences are not impor- 
tant. 

Starting in the 1930s with the development 
of quartz crystal oscillators, but particularly 
in the 1950s with the introduction of atomic 
clocks, artificial time standards have out- 
stripped the accuracy of standards based on 
astronomical observations and the rotation of 
the earth. In 1967, the SI (Systéme Interna- 
tional) second was redefined on the basis of 
the caesium atomic clock. The international 
time scale based on the SI second is Interna- 
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tional Atomic Time (TAI). TAI was synchro- 
nised with UT at the beginning of 1958, but 
UT and TAI naturally drift apart because they 
are based on totally different principles. 

Universal Co-ordinated Time (UTC) is a 
compromise between TAI and UT and was 
established in its current form on | January 
1972. It uses the SI definition of the second, 
but this makes the UTC clock run a little faster 
than the UT clock. To ensure that the differ- 
ence between the two is never more than one 
second, prearranged ‘leap seconds’ are intro- 
duced when UTC has gained about half a 
second. The one-second pause in the UTC 
clock at 00:00:00 on 1 January 1999 means 
that UTC is now about half a second behind 
UT. After some years UTC will again catch 
up and overtake UT, and when UTC has once 
more drawn about half a second ahead, there 
will be another leap-second. 

The broadcast time standards that every- 
one uses are all based on UTC. In Western 
Europe, the UK National Physical Labora- 
tory broadcasts the UK time on 60kHz from 
MSF at Rugby, and similarly the its German 
counterpart PTB broadcasts Central Euro- 
pean Time on 77.5kHz from DCF77 at Frank- 
furt. Clocks that are synchronised to the LF 
radio time signals will have local time offsets 
appropriate to the country of origin, and will 
also follow summer/winter time changes. This 
means that they have to be offset manually to 
make them display UTC all year round for 
amateur radio purposes. Unfortunately, some 
radio clock chips cease to synchronise when 
offset into a different time zone, so check 
carefully before you buy. 

The other common means of accessing 
standard time is through the Global Position- 
ing System (GPS) satellites, which provide 
accurate time as a spin-off from the position- 
ing information. The GPS time signals offer 
high-accuracy UTC with global coverage. 
One microsecond time accuracies are read- 
ily achievable, although accuracy may be 
degraded by processing overheads in a nor- 
mal hand-held GPS receiver. An article in 
OST [1] described yet another spin-off from 
GPS: a unit that uses the 1 pulse per second 
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Fig 1: Measuring from the mid-point of a burnt-out 
resistor whose markings have been destroyed. 
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output available from many GPS receivers to 
provide a very accurate 10MHz reference 
signal for frequency counters, using a digit- 
ally phase-locked loop. A much simpler 
method of generating a standard frequency 
(ignoring the time of day) for almost all 
amateur purposes is to phase-lock a crystal 
oscillator directly to the 15,625Hz TV line 
frequency which is maintained to atomic 
standards [2]. 


BLACK-BLACK-BLACK 

HOW CANIMEASURE the value ofa burnt-out 
resistor? Its former value, I mean - the colour 
code is now black-black-black! 

EMC CORRESPONDENT Dave Lauder, 
GOSNO, offers this ingenious solution. Using 
the edge ofa small triangular file, carefully file 
a groove in the centre of the resistor until the file 
makes contact with the resistance element 
(Fig 1). Now you can connect one lead of 
your ohm-meter to the file, and try each end 
of the resistor with the other lead. One end 
will be open-circuit, of course, but the other 
end will show approximately half the original 
resistance of the resistor. Metal film or car- 
bon film resistors usually have a spiral groove 
cut in them, from less than one turn to several 
turns, so it is more difficult to find the electri- 
cal centre. You may need {6 remove more of 
the coating to expose the spiral and judge 
more accurately where the centre is. Finding 
the centre works very well with wire-wound 
resistors, where the printing often burns off if 
the resistor has been very hot, and also with 
metal film or carbon film components. In all 
these cases the resistive element is on the 
outside, and easy to contact. It may not be so 
accurate for carbon composition resistors, 
because the current path is through the mid- 
dle as well. 

Naturally there is also a question whether 
the resistance had changed before the resistor 
became open-circuit. You might expect the 
resistance to increase as the material oxidises 
and thins out, or changes its structure in some 
other way. To find out, I ‘smoked’ a few 47 
resistors of different kinds at 10 times their 
normal rating. Carbon film resistors turned 
black-black-black, and some resistors with 
soldered leads just fell apart, but up to the 
point of complete burn-out the resistance 
value had changed very little after the com- 
ponent was allowed to cool. Metal film resis- 
tors were even more tolerant to overload, and 
ran for several minutes at bright red heat. 
After this gross abuse, the resistance had 
increased by about 20%, but it was still clear 
that the original component must have been 
47Q. Older types of carbon composition re- 
sistors would be much less stable, and were 
notorious for going high-resistance due to 
little more than age. However, it’s very diffi- 
cult to buy carbon composition resistors any 
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more, and you won’t 
ever find them in 
modern equipment. 


Insulated 
stranded 
TEST 
CONNECTIONS 
TO PINS 
HERE’SA GOOD tip 
from Malcolm 


Perry, G8AKX, plus 
a few more related 
tricks. 

WE OFTEN NEED 

to make temporary 

test connections to 
the pins of IDC 
plugs or jumpers 
and test points on 

a PC board, but it’s 

difficult to hold 

pointed test prods in place without them 
slipping, and clip-on probes tend to short 
between adjacent pins. 

G8AKX solves this problem by using a 
short length of stranded insulated wire, with 
one end stripped for the test clip and the 
other end cut off square. The square end is 
simply pushed on to the pin for as long as it 
is needed (Fig 2). The same can be done with 
transistor leads and IC pins. Malcolm points 
out that soft ‘rubbery’ insulation is better 
that the more common PVC, because it has 
more ‘give’ and it grips well, but PVC can be 
used if warmed first - strip the end, heat the 
bared wire with a soldering iron to soften the 
insulation, and then quickly clip it off square 
and push it on to the test pin. 

Here are a few related tricks for getting test 
probes into awkward places: 

@ When testing a PC board that has no 
convenient pins or component leads to 
clip a probe on, you can solder a short 
piece of stiff wire on to an appropriate 
place and clip the probe to that. 

@ To measure voltages on insulated wire 
with no free ends, use sharp dressmak- 
ing pins to pierce the insulation, and 
touch the test probes to those instead. 
If necessary, a light smear of clear 
Bostik® makes good afterwards. I used 
pins with different-coloured plastic 
heads to identify and test several iden- 
tical-looking green wires on low-volt- 
age Christmas tree lights, but wouldn’t 
recommend this trick for mains or other 
high voltages. 

@ To measure voltages at multi-way sock- 
ets, you can often sneak a dressmaking 
pin down between the socket shell and 
the crimp connector inside (Fig 2). If you 
need to do the same on adjacent connec- 
tions, use the opposite side of the con- 
nector shell to avoid short-circuits. 
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WEB UPDATE 

IF YOU’RE wonder- 
ing what those mys- 
terious markings are 
on chip components, 
the three-digit code 
for resistors was ex- 
plained in the March 
1998 In Practice. If 
it’s a semiconductor 
with a two- or three- 
character alphanu- 
meric code, 
“G4PMK’s SMD Di- 
rectory’ is now avail- 
able on the web in an 
easily searchable 
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Fig 2: Stranded insulated wire makes temporary push-on connections to small pins or transistor 
leads. Dressmaking pins allow you to measure voltages on multi-way sockets. 


DUAL-VOLTAGE RECTIFIER 

IN THE MAY 1999 column you drew what 
looked like a bridge rectifier with a ‘115/ 
230V’ switch. How does this work? 

THIS CIRCUIT (Fig 3a) is commonly used 
in switch-mode power supplies that can op- 
erate on either 115V or 230V AC mains, but 
need to deliver the same output voltage in 
both cases. 

With SW1 open and 230V AC applied (Fig 
3a), the circuit is obviously a full-wave bridge 
rectifier with a capacitor filter. Cl and C2 are 
charged in series on every half-cycle, and the 
off-load voltage across C1+C2 is about (230 
x V2) = 325V DC. 

With SW1 closed and 115V AC applied, it 
becomes a full-wave voltage doubler that 
produces the same output voltage. Re-draw- 
ing the circuit as Fig 3b will make this clearer: 
only D1 and D3 are active as rectifiers, both 
D2 and D4 being permanently reverse-bi- 
ased. 

Fig 3 offers the possibility of a power 
supply that will sense the AC input voltage 
and automatically switch from 230V to 115V. 
However, this is a little tricky if you want to 
prevent the supply from ever seeing 230V 
input while it’s in the voltage-doubler con- 
figuration. In addition, the designer needs to 
choose the change-over voltage rather care- 
fully. 

Indeed there’s a story of one particular 
switch-mode power supply that changed 
over when the AC input was at about 180V. 
This seemed a good choice until the day a 
mains fault caused the voltage to drop to 
170V and stay there - so the power supply 
switched itself into 115V mode and burned 
out. 

To anticipate all the weird and wonderful 
things that can happen to power supplies in 
Real Life™, you need to get up very early 
indeed. 


form. There’s a link 
from the Jn Practice 
section of my web 
site (URL at the foot of column one). There 
is also now a direct link to an authorised 
UK copy of the ‘Electronic Repair infor- 
mation’ mentioned in previous months, 
which should make access easier. 

Also new on my web site is a ‘VHF/UHF 
Long Yagi Workshop’ that includes articles 
from DUBUS and Jn Practice, and links to 
other sources. 


REFERENCES 

[1] ‘A GPS-based Frequency Standard’ by 
Brookes Shera, W5OJM. QST, July 1998 
p37-44. 

[2] ‘The Poor Man’s Caesium Clock’, by 
Dave McQue, G4NJU. RadCom, January 
1999~ p35-37% + 
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Fig 3: (a) Circuit of a dual-voltage rectifier, giving 
the same off-load voltage from 230V AC (SW1 
open) or 115V AC (SW1 closed). (b) 115V AC circuit 
re-drawn to show voltage-doubler action. 


If you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or E- 
mail. But please remember that I can only answer questions through this column, so they need to be on topics of general interest. 
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MATCHING A MULTI-BAND 
DOUBLET 

CAN YOU RECOMMEND a matching system 
for a multi-band doublet antenna? 

A MULTI-BAND doublet, as shown in Fig 1, 
is usually erected as a general-purpose antenna 
for the HF amateur bands. As often noted, the 
actual length is not very important, provided 
the impedance can be matched acceptably - 
but with eight HF amateur bands between 3.5 
and 30MHz, the impedance at the centre of the 
doublet will vary widely. Part of the solution is 
to use balanced open-wire line or ladder-line, 
which can tolerate a high operating VSWR, but 
the multi-band impedance matching problem 
still remains. Many antenna designs feature 
combinations of doublet length and feedline 
length that will give a convenient impedance at 
the bottom of the feedline for a few bands, but 
never all of them. By ‘convenient’, I mean 
something that can be easily matched by a 


transceiver’s internal auto-ATU, or by the pi- . 


tank on a valved power amplifier or an older 
transceiver; in practice, this means that the 
VSWR should be less than about 3. 

To meet these requirements across all eight 
HF bands - and preferably Top Band as well - 
you normally need some kind of wide-range 
ATU [1] suitable for use with balanced line. 
Although many ATUs are available with an 
optional/switchable ferrite balun at the output, 
opinion is swinging against this solution, be- 
cause the balun generally cannot cope with the 
wide range of impedances involved, and there 
may be significant losses on certain bands. The 
old-fashioned link-coupled ATU is still a good 
solution, but an all-band ATU with a wide 
impedance matching range is likely to require 
wide-spaced capacitors and large inductors. It 
somehow doesn’t seem right that a modern 
compact transceiver is dwarfed by its ATU, or 
to find that ‘one-button’ band changing now 
involves extra knobs to twiddle and even 
inductor taps to change. 

Here is a more radical approach from Cecil 


Centre-fed doublet, 
overall length not critical 


Open-wire line or __ 
"4502" ladder-line 
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Fig 1: HF multi-band doublet fed by ladder-line can 
have a very wide range of feed impedances. To 
estimate the impedance, measure half the length of the 
doublet (L1) plus the electrical length of the feedline 
(L2, allow for velocity factor). 
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Moore, W6RCA. He covers all the HF bands 
from 3.6 to 29.7MHz with no ATU at all! 
Instead, Cecil changes the length of the 450Q 
ladder-line - and this is much more practical 
than it looks at first sight. The line length is 
adjusted for each band, so that the current 
maximum always comes to the bottom of the 
feedline. The feed impedance at this point is by 
definition low and non-reactive, and in prac- 
tice the VSWR is usually low enough that you 
can use a 1:1 choke balun, straight into coax 
and the transceiver. With reasonable lengths 
for the doublet and the permanent part of the 
feedline, you can always achieve an accept- 
able impedance match. The requirement is that 
the physical half-length of the doublet (L1 in 
Fig 1), plus the total electrical length of the 
feedline (L2, allowing for the velocity factor v) 
must be an odd multiple of a quarter-wave- 
length on each band: 


L1+L2xv=ndA4 
where n is 3, 5, 7, etc 


When you get out the calculator and start 
playing with figures, you can arrive at several 
possible solutions. Fig 2 shows Cecil’s ar- 
rangement, with a 130ft centre-fed doublet and 
90ft of 450Q ladder-line. The doublet is ap- 
proximately a half-wave at 3.5MHz and a full- 
wave at 7MHz, and the 90ft feedline brings the 
current maximum to the bottom at 7.2MHz. 
The big practical advantage of this combina- 
tion is that all the other bands can be matched 
within a relatively small range of additional 
feedline length. The longest additional length 
required is 31 ft for 3.6MHz, which extends the 
feedline to an electrical half-wavelength. All 
other bands require a line extension some- 
where between zero and 31ft, so W6RCA built 
himself the clever variable-length switcher 
shown in Fig 3 and the photo, right. This 
consists of 1ft, 2ft, 4ft, 8ft and 16ft loops of 
line, which can be individually switched in or 
out using DPDT relays, giving any length from 
zero to 31ft in Ift steps. 

WO6RCA found he could cover all amateur 
bands from 3.6 to 29.7MHz with a VSWR of 
better than 2. However, he wisely points out 
that the optimum dimensions will depend on a 
number of local factors. These include antenna 
height, earth properties, the use of other dou- 
blet configurations such as an inverted-V or 
inverted-U, and the exact type of feedline. So- 
called ‘450Q’ ladder-line varies considerably 
in characteristic impedance, velocity factor 
and quality (conductor diameter and insula- 
tion) between different brands. Therefore you’d 
need to experiment - and W6RCA’s concept is 
ideal for that. 

You can spend a pleasant summer’s after- 
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Fig 2: W6RCA’s novel line-length switcher makes 
his 130ft doublet cover all eight HF bands with no 
ATU. Optimum dimensions will depend on local 
factors, but you can always change the line length 
to compensate. 


noon cutting and splicing ladder-line to arrive 
at a series of lengths that give good impedance 
matches in your particular situation. A battery- 
powered tuneable VSWR analyser is the per- 
fect tool for the job, and you should use it with 
the 1:1 balun permanently attached. You can 
easily make temporary splices in ladder-line 
using screw connectors - Of just twisting the 
wires together. The first step would be to 
increase the permanent length of line by a few 
feet from Cecil’s recommendation, to move 
the VSWR minimum down to 7.05MHz for 
Europe, and you may find that the same length 
works well enough for 21MHz and 24.9MHz 
too. Next, determine the maximum extra length 
you will need to tune all the way down to 
3.5MHz with an acceptable VSWR. This extra 
length should not be much more than 31ft, and 
the optimum lengths for all the other bands will 
all be shorter than that. 

Unfortunately the popular 102ft GSRV-style 
doublet is not very well suited to this arrange- 
ment, because it requires a much wider varia- 
tion in the feedline length. If you’re stuck with 


The practical line switcher, hanging under 
W6RCA’s eaves [2]. The horizontal rail holds the 
five pairs of DPDT relays. You could also change 
bands manually by using plug-in lengths of line for 
each band. 
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16ft ladder-line 


pe 
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Fig 3: More details of W6RCA’s line switcher, which uses five pairs of surplus DPDT relays. The 1:1 choke 
balun can be a ferrite bead type or a coax coil (see text). 


a 102ft ‘flat-top’, W6RCA recommends add- 
ing a 15ft vertical ‘drop wire’ at each end, and 
then you’re back to the much more convenient 
situation of Fig 2. For a shorter doublet cover- 
ing 7-29.7MHz, Cecil suggests a 66ft doublet 
and a 60ft feedline as a good starting-point, 
again with a 0-31 ft variable section. Note also 
that the system can still be used as a shortened 
dipole on the next band below, but you will 
require an ATU and there may be significant 
losses in the ATU and feedline due to the very 
low impedance. 

After the initial experiments, you can think 
about a more permanent arrangement. You 
don’t have to build the complete line switcher. 
Practical solutions range from a fully manual 
system to a fully automatic system linked to the 
transceiver’s “band data’ output (ideal for HF 
contesting in the single-antenna section). For 
occasional visits to certain bands, you could 
insert the necessary lengths of feedline using 
4mm banana plugs and sockets (the silver- 
plated variety can be used permanently out- 
doors). Full practical details of W6RCA’s 
switcher are on his web site - use the link from 
the Jn Practice site. The main problem is how 
to arrange the loops of ladder-line, and the 
photo left shows how W6RCA did this under 
the eaves of his house [2]. It wouldn’t be 
difficult to string something along a wooden 
garden fence, so long as the loops of line are 
suspended clear from other lines, metallic ob- 
jects or the ground. 

The 1:1 balun is worth a brief mention. It’s 
important to use a balun, because any low- 
impedance path to ground from either side of 
the feedline is likely to result in very strong 


unbalanced radiation from the feedline itself. 
This is a consequence of the ‘odd quarter- 
wavelength’ principle used in selecting the 
feedline length. Cecil’s web site shows a choke 
balun using a number of large ferrite beads 
threaded over the coax, but an effective low- 
cost choke balun can be made by coiling about 
10ft of coax into 7 turns of about 7 inches 
diameter - PVC drainpipe would make a good 
former. 


FOLDED MONOPOLE FALLACY 
I?’VE HEARD THAT converting a quarter- 
wave vertical into a folded configuration 
will reduce earth losses. Is this true? 

NO, IT’S A fallacy. The folded monopole is 
only an impedance-transforming matching ar- 
rangement, and it does nothing at all for earth 
losses or radial currents. Fig 4a shows the 
conventional quarter-wave monopole - a sin- 
gle conductor. Imagine that this has a radiation 
resistance of about 30Q and an earth loss 
resistance of about 20Q - this provides a 
convenient match to 50Q but it has a rather 
poor efficiency of (20/50) = 40%. Imagine that 
we feed this with RF, so that the current at the 
bottom of the monopole is exactly 1.0A. There- 
fore the current flowing up from the earth 
return to the shield of the coax must also be 
1.0A (Kirchhoff’s Law). 

Fig 4b shows the folded monopole equiva- 
lent. Although the RF current is now shared 
equally between the two legs of the monopole, 
for RF radiation purposes the total is still 
1.0A. However, the current from the coax at 
the feedpoint is now only 0.5A, so the 
feedpoint impedance of the antenna has been 


stepped up by a factor of 4 (in proportion to 
1/I’). This is where the fallacy arises - it looks 
as if the earth losses have somehow become 
a smaller proportion of the total. What we 
haven’t noticed is that the total earth current 
has not changed - it has merely been divided 
between the two connections that meet at the 
common earth point, and it still totals 1.0A. 
Therefore, the losses due to currents flowing 
through the radial field and through the earth 
are exactly the same as with the simple 
monopole. 


INTERNET TOPICS 

THE INTERNET has many newsgroups and 
discussion mailing lists about various as- 
pects of amateur radio. While the broad 
international perspective is one of the 
Internet’s greatest strengths, there are times 
when a UK-based group is more appropri- 
ate. However, the only available newsgroup 
is uk.radio.amateur, and technical discus- 
sion tends to get lost in there, so a separate 
discussion list has been set up. The list is 
called Radio-Tech, and in order to join you 
can send an e-mail to G3MWR who is the 
list-owner (there’s a link from the Jn Practice 
web site). You won’t get any junk e-mail or 
‘flames’ - those are all filtered out. You 
should get a moderate amount of mail about 
the technical side of amateur radio, and the 
opportunity to ask questions and follow the 
technical debates that inevitably arise. 


NOTES 


{1] ATU = Antenna Tuning Unit, also known 
as an Antenna System Tuning Unit (ASTU), 
Antenna Matching Unit (AMU), or in the 
USA as a TRANSmission line MATCHer 
(TRANSMATCH). Call it what you will. 

[2] W6RCA points out that, with hindsight, 
it makes more sense to start with the 8ft and 
16ft loops at opposite ends of the wooden 
rail that holds the relays, rather than copying 
Fig 3 exactly. + 
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Fig 4: (a) Conventional monopole, (b) Folded 
monopole. Earth currents - and therefore earth 
losses - are the same in both cases. 


If you have new questions, or any comments to add to this month’s column, I'd be very pleased to hear from you by mail or E- 
mail. But please remember that I can only answer questions through this column, so they need to be on topics of general interest. 
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BEST FEEDER LENGTH? 

I USE A DOUBLET antenna for various 
HF bands, with partly ladder-line feeder 
and partly coax (Fig 1). Older antenna 
handbooks mention feedline lengths to be 
avoided. Why, and should this include the 
length of coax as well? 


Doublet antenna 


Balanced 
feedline 


Co ae ee 4:1 balun 


Unbalanced 
ATU 
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Fig 1: HF multi-band doublet fed by ladder-line _ 


and a 4:1 balun into coax. On some bands, this 
antenna may have problems with impedance 
matching and/or common-mode resonances. 


THE DOUBLET antenna is supposed to 
operate in a ‘push-pull’ mode with equal 
and opposite currents on the two wires of 
the feedline. This results in the currents in 
the two sides of the horizontal doublet 
being in phase, as they should be (Fig 2a). 
(For an explanation of what the arrows 
mean, see In Practice for September and 
October 1998.) Unfortunately this doublet 
and small current feedline system can also 
have an unwanted mode of resonance 
where it acts as two inverted-L antennas in 
parallel (Fig 2b). Note that the currents in 
the two wires of the feedline are now 
flowing in the same direction, so the 
feedline will radiate. However, the cur- 
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Fig 2: (a) The correct ‘push-pull’ mode of a doublet antenna and balanced 
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rents in the two halves of the doublet are 
now equal and opposite, so its far-field 
radiation almost cancels. Currents in the 
same direction on the two conductors of a 
feedline are called ‘common mode’. It is 
actually possible for the antenna to sup- 
port both modes of current/radiation at the 
same time, which results in highly unequal 
currents on the two conductors of the 
feedline, and partial cancellation of radia- 
tion from the antenna. 

This problem can often be hard to detect 
by only listening with the antenna, espe- 
cially if you do not have experience of the 
same type of antenna working correctly in 
that location. The problem is most likely to 
reveal itself when you try to transmit into 
the antenna. The ATU at the bottom of the 
feedline will have been designed for the 
balanced mode of the doublet, probably 
with a balun or a link-coupled circuit; but 
if the common-mode resonance is so strong 
that it swamps the balanced resonance, the 
antenna often cannot be matched and 


~‘won’t take power’. Another possible 


symptom is large common-mode currents 
flowing to ground through the equipment, 
maybe producing RF feedback or other 
RFI problems. 

The risk of common-mode problems de- 
pends basically on the total length ‘L’, as 
shown in Fig 2 - the length of the feedline 
plus half the length of the doublet. Prob- 
ably the worst case would be where when 
the ATU is link-coupled with a grounded 
centre-tap on the link (Fig 3a). This con- 
figuration is usually avoided because the 
ground connection will strongly encour- 
age common-mode radiation at any fre- 
quency where L approaches a quarter- 
wavelength or any odd multiple. The more 
normal ATU configuration has a ‘floating’ 
link (Fig 3b), but this does not prevent 
common-mode radiation - it only changes 
the worst case to 
situations where L 
is a half-wave or 
multiple. In such 

cases the com- 
| | mon-mode reso- 
nance shows a 
high impedance at 
the ATU, and is 
excited by ‘volt- 


» Feedline 
radiates 


age feeding’ 
through the inter- 
Balanced : A 
ATU winding capaci- 
tance. 


(b) ©nrscae Rc2370 


Charts used to 
be published 
showing ‘good’ 
and ‘bad’ values 


feedline. (b) The unwanted common-mode resonance results in the antenna 


being ineffective, but the feedline radiating instead. The total length L 
determines where the common-mode resonances will occur. 
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of L for the ama- 
teur bands, but 


Do not use 
7 +<7 wes 


ote . 


Balanced Balanced 
ATU ATU 


(a) (b) 


Allows ‘quarter-wave’ Allows ‘half-wave’ 
common-mode common-mode 
resonances resonances 
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Fig 3: (a) This ATU configuration allows common- 
mode radiation when L is an odd multiple of a 
quarter-wavelength. (b) This configuration allows 
common-mode radiation when L is a multiple of a 
half-wavelength. 


these have fallen out of favour for two 
reasons. The first is that those charts placed 
the unwanted resonances between the old- 
established HF bands - right where we now 
have the WARC bands. The second reason 
is that the changes in fashion for ATU 
circuits and baluns have made it more 
difficult to predict where the resonances 
will actually fall. In practice, if you want to 
use one simple doublet for all the HF 
bands, you could have some degree of 
common-mode feedline problem on at least 
one band. There are a number of ways to 
solve this, the most obvious being to change 
the length of feedline ds shown in last 
month’s column. 

Returning to the original question based 
on Fig 1, if there is an unwanted reso- 
nance, the common-mode currents will 
flow straight through the autotransformer 
balun and continue along the outer skin of 
the coax sheath. However, when calculat- 
ing the total length L it may not be appro- 
priate to simply add on the lengths of coax 
and balanced feeder together, because coax 
tends to be routed close to the ground or to 
buildings, and this will load the common- 
mode resonance and change the effective 
electrical length. Probably the easiest way 
to control the situation is to wind the coax 
into a coil at point X (Fig 1) which will 
choke-off the common-mode current .and 
effectively isolate the coax from further 
consideration. Although this may merely 
shift the common-mode resonance into a 
different amateur band, you will at least 
know that the problem is confined to the 
doublet and the open-wire feedline. 


VARIABLE INDUCTORS IN 
ATUsS 

MY T-NETWORK ATU is persistently burn- 
ing out the inductor switch - see the photo 
above right. I have replaced the switch but 
it only burned out again. I am only using 
100W RF, and always start by setting the 
switch to the position recommended by the 
ATU manufacturer for each band. 

THE PROBLEM SEEMS to be two-fold. 
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Burned-out inductor switch from the T-match 
ATU of Fig 4. 


One part is that it is all too easy to adjust a T- 
network ATU to produce excessive internal 
voltages and currents. There are many com- 
binations of C1, C2 and L1 (Fig 4) that will 
produce the desired impedance match - but 
only one will result in the lowest internal 
losses. This has been insufficiently appreci- 
ated by the ATU manufacturers, and early 
instructions from some manufacturers have 
been incorrect or misleading. In particular, it 
is not possible to say in advance which 
inductor setting should be used for which 
band, because it will depend on the imped- 
ance to be matched. The June 1997 In Practice 
gave an effective adjustment procedure fora 
T-network ATU, which will always result in 
the lowest possible internal losses: 


1. Set both Cl and C2 to maximum. 

2 Adjust L1 for maximum receiver 
noise. 

3% Transmitting low power on aclear 
frequency, adjust Cl and C2 fora 
VSWR of 1:1. 

4. Reduce the inductance of L1 and 
repeat step 3. 

a Repeat step 4 until a match can 


not beachieved; then reverse the 
last change you made to LI. 


Note the settings of Cl, L1 and C2 for 
quick and easy band-changing. You can 
mark them directly on the front panel with 
felt-tip pens, using different-coloured dots 
for each band. 

This procedure gives you the optimum 
ATU efficiency, which comes from using 


T-network ATU 


Transmitter 


Oo Sl 
(typically 
10-12 way) 
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Fig 4: The popular T-match ATU. S1 is the burned-out component shown above. 


the lowest possi- 
ble value of L1 that 
will achieve a 
match (and of 
course the neces- 
sary values of Cl 
and C2). 

The other part of 
the problem is - 
fairly obviously - 
that the switch 
isn’t really big 
enough for an ATU 
rated to handle 
100W. Clearly it 


will do the job in Coil former 
most circum- ©RrscGB RC2373 
stances, but sucha 
small switch 


leaves no margin 
for operator er- 
rors, difficult load 
impedances or any reduction in perform- 
ance in the switch itself. This component is 
actually rated as a mains switch, as are all 
rotary switches in the same size range, and 
it is difficult to infer the RF performance 
ratings from the published ratings for 50/ 
60Hz. In practice you should try to replace 
the switch with the largest possible com- 
ponent that will fit into the space available, 
because a larger diameter can allow larger 
clearances between contacts. Ceramic in- 
sulation would be better than plastic, not 
necessarily because its RF losses are lower, 
but because ceramics are much less af- 
fected if the losses cause significant heat- 
ing. The RF losses of most plastics, on the 
other hand, tend to increase when the ma- 
terial is heated. This can cause a runaway 
situation where the increased losses lead to 
thermal decomposition, release of vapours 
and carbonisation, ending in the kind of 
breakdown seen in the photo above. Large 
multi-way ceramic switches do not appear 
in the regular UK component catalogues, 
but if you can find something surplus, go 
for it. The ‘kit’ ranges of plastic-insulated 
switches in the Farnell and RS/Electro- 
mail catalogues 
may be suitable, 
but choose the 
‘standard’ size 
with the higher 
contact rating, 
rather than the 
miniature 25mm 
size. Probably 
the most prom- 
ising is the RS 
327] = SiO sya 
pole 12-way 
switch with con- 


lubrication. 
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Hex screw 


Roller 
bearing 


Perspex 
stand-off 


Aluminium 
end pieces 


Fig 5: This bearing in a rotary inductor can dry out, and may need regular 


tacts rated at 6A. This will set you back 
about £20, but it should perform much 
better than the under-specified £1 compo- 
nent pictured. Don’t worry whether the 
switch should be break-before-make or 
make-before-break - you should NEVER 
operate a switch in an ATU while RF is 
applied! 

Des Shepherd, G3LCS, also points out 
that rotary inductors do not completely 
solve the switch problem; rather, they have 
problems of their own. He has a ‘1000W’- 
rated ATU bought from an amateur sup- 
plier, and he found that after 2-3 years the 
Perspex support at the top end of the 
inductor was melting. As shown in Fig 5, 
the RF current has to flow through the 
metal end piece of the inductor, through a 
small packaged roller bearing, and out to 
the contact on the bearing housing. On 
checking with a DC ohmmeter, Des found 
that the resistance varied from 302 down 
to about 15Q as he rotated the inductor. 
The bearing had dried out, and the end plate 
was melting due to the dissipation of this 
15-30Q ‘resistor’. No doubt the drying- 
out process was accelerated as the tem- 
perature rose. Des washed out the bearing 
with solvent, dried it carefully and squirted 
in some WD40. This brought the resist- 
ance down to less than 1Q and restored the 
good performance. Since then he has moni- 
tored the temperature of the bearing from 
time to time, and~uses more WD40 as 
required. é 

He also points out that military-spec 
rotary inductors typically use sliding fin- 
ger contacts to the ends of the inductor, 
although all the moving contacts of any 
rotary inductor as shown inFig 5 are likely 
to require regular attention. 4 


If you have new questions, or any comments to add to this month’s column, I'd be very pleased to hear from you by mail or E-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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COMPARING RECEIVER 
SENSITIVITY 
HOW CAN I compare a manufacturer’s re- 
ceiver sensitivity specification for SSB against 
the measurements in a Peter Hart review, or 
the different system used in QST? In VHF 
receivers, how do these measurements re- 
late to Noise Figure? 
THERE ARE SEVERAL different ways to 
measure receiver sensitivity, but you can 
quite easily convert between them using a 
calculator. Receiver manufacturers, Peter 
Hart, G3SJX, and ARRL’s QST magazine 
all use a system based on injecting a weak 
carrier signal into the receiver input, and 
measuring the signal/noise ratio at the au- 
dio output. What comes out at audio is a 
combination of: 
@ the single sine-wave that you get by 
tuning-in a carrier on an SSB receiver 
@ receiver noise 
@ distortion - mainly harmonics of the 
sine-wave, 

The usual measurement technique is to 
adjust the carrier level from the signal genera- 
tor in order to achieve a specified signal/noise 
ratio at the output (to keep things simple, 
we'll regard any distortion products as part of 
the ‘noise’). Most specifications and meas- 
urements are actually given in terms of (sig- 
nal + noise)/noise ratio, abbreviated to ‘(s+n)/ 
n’, and here’s where the main differences 
arise. Peter Hart quotes all measurements in 
uV and dBm for 10dB (s+n)/n at the available 
SSB bandwidth of about 2.5kHz. The ARRL 
lab quotes ‘noise floor’ in dBm at the avail- 
able CW bandwidth, in this case 500Hz. 

Let’s examine the measurements on the 
Yaesu FT-100, in the June 1999 issues of 
RadCom and QST. On 14MHz, Peter meas- 
ured 0.18uV (-122dBm) while ARRL 
measured -137dBm, in both cases with the 
preamp on. I'll show you how to convert 
both ways, but first let’s see how Peter 
gets from 0.18uV to -122dBm [1]. This is 
simply the power deliverable into a 50Q load, 
which is calculated from the usual formula 
(V?/50Q), and then converted into dBm which 
means decibels below !mW. 


(0.18 x 10°V)7/50Q = 6.48 x 10°°W 
10log,,(6.48 x 10°°) = -151.88dBW 


To convert dBW to dBm, simply add 
30dB. In this example the answer is 
-121.88dBm. In fact Peter Hart’s signal 
generator is calibrated in dBm, and for his 
RadCom report he calculates backwards to 
the equivalent level in microvolts. We’ll 
continue this calculation from the true 
measured value of -122dBm. 


————————————————— ee 
*52 Abingdon Road, Drayton, Abingdon, Oxon OX14 4HP. 
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The next step is to convert Peter’s 10dB 
(s+n)/n measurement into a pure signal/noise 
ratio. A (s+n)/n ratio of 10dB means that: 


signal power + noise power = 10 
noise power 


signal power +1 =10 
noise power 
signal power =9,or+9.54dB [2] 


noise power 


ARRL’s ‘noise floor’ refers to the situa- 
tion where the signal and noise powers are 
equal, which means a OdB signal/noise 
ratio. OST reviews actually say ‘noise floor 
(mds)’ where ‘mds’ means ‘minimum dis- 
cernable signal’ - the power level of this 
signal is equal to that due to the back- 
ground noise. Peter Hart’s measurement is 
converted to noise floor (or mds) by sim- 
ply subtracting 9.54dB from -121.88dBm, 
to give -131.4dBm [3]. 

But we’ ve forgotten something else: Peter 
compared the signal level against an SSB 
bandwidth full of noise - call it 2.5kHz - 
while ARRL compared it against only 500Hz- 
worth of noise. For many years, Peter has 
consistently made this measurement in the 
SSB bandwidth of about 2.5kHz, which does 
not vary much between different receivers 
and allows valid comparisons. In contrast, 
the bandwidths of CW filters can vary con- 
siderably between different models, and 
low-cost receivers may only have an SSB 
filter. If we assume that all filters are flat- 
topped and square-sided, the correction 
to account for the change in bandwidths 
in the FT-100 reviews is simply 
10log,,(2500 / 500) = 7.0dB. Subtract 
this from Peter Hart’s measurement of 
noise floor and the result is -138.4dBm. 
This is directly comparable with ARRL’s 
quoted measurement of -137dBm. 


RSGB toARRL 


inpractice 


The agreement between the RSGB and 
ARRL measurements is reassuringly good. 
Most of the difference is probably between 
the two different examples of the FT-100 
transceiver, and we should allow some- 
thing for differences in calibration be- 
tween the two sets of test equipment. In 
addition, we may need to look again at the 
assumption that both filters are flat-topped 
and square-sided, because in fact they 
aren’t. In his Amateur Radio Buyer’s Guide 
(now out of print) Angus McKenzie, 
G3OSS, described how he measured the 
passband ripple of the receivers he re- 
viewed, and how a peak in the IF or audio 
passband can significantly enhance the 
measured (s+n)/n ratio if the reviewer tunes 
to obtain the maximum available audio 
output. Peter Hart always adjusts the sig- 
nal generator to give a 1kHz audio tone, 
regardless of the actual shape of the 
passband. Also, if a filter has rounded 
shoulders at the edges of the passband, its 
quoted bandwidth can be significantly dif- 
ferent from the ‘effective’ bandwidth that 
needs to be assumed in order to make 
calculations based on (s+n)/n measure- 
ments. For review purposes, Peter Hart’s 
and ARRL’s measuremenfs each stand on 
their own, and are not affected by any 
assumptions about filter bandwidth; the 
effective noise bandwidths of the respec- 
tive filters only become significant when 
we try to compare the two different sets of 
measurements. 

To pull all this together, Table 1 sum- 
marises the steps and formulae required 
to move from one set of review measure- 
ments to the other. Working the whole 
calculation backwards from ARRL’s meas- 
urement, their noise floor of -137dBm is 
equivalent to 0.21uV (-120.5dBm) in Pe- 


ARRL to RSGB 


RSGB report: microvolts for 
10dB(s+n)/n in SSB bandwidth 


Convert to dBm: dBm = 
10log,,(uVx10°)/50 + 30 


Convert from 10dB (s+n)/n to -131.4dBm 
noise floor: subtract 9.5dB 

Correct for bandwidth, 2500Hz 
to SO00Hz: subtract 7.0dB 


Equivalent ARRL report: 
noise floor (= minimum 
discernable signal) in 5OOHz 
bandwidth 


-122dBm* | 2 


-138.4dBm A 


* Actual measured values 


ARRL report: noise floor 
(= minimum discernable signal) 
in 500Hz bandwidth 


-137dBm* 
-130dBm 
Convert from noise floor to -120.5dBm 
10dB (s+n)/n: add 9.5dB 
Convert dBm to microvolts: pV = | 0.21nV 
10°V[SOantilog,, {(dBm - 30)/10}] 


Equivalent RSGB report: 0.21nV 


Correct for bandwidth, 5OOHz 
to 2500Hz: add 7.0dB 


in 2500Hz bandwidth 


Table 1: Conversion between RSGB and ARRL receiver sensitivity reports. 


microvolts for 10dB (s+n)/n 
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ter Hart’s reporting system [2]. 

What about manufacturer’s specifica- 
tions? There can be many uncertainties in 
interpreting what ‘manufacturer’s 
microvolts’ mean: often the bandwidth is 
not specified; sometimes they say ‘s/n 
when they might mean ‘(s+n)/n’ (but maybe 
not); and for specification purposes, re- 
ceiver sensitivity is normally quoted as 
‘less than’ some number of microvolts. 
Generally, reviewers find that the receiver 
sensitivity does meet the manufacturer’s 
specification - if not, they will tell you so. 

The manufacturer’s specification and 
the reviewers’ reports are based on meas- 
urement techniques that are suitable for 
HF receivers whose internal noise levels 
are not very low. At VHF/UHF the back- 
ground noise is much lower than at HF, 
and therefore the receiver noise needs to 
be much lower too. At this point, HF-type 
sensitivity specifications - and also, alas, 
the review reports - become less informa- 
tive. Yaesu’s specification for the FT-100 at 
144MHz, with the preamp on, is “<0.13uV 
for 10dB s/n” (bandwidth not stated) and 
Peter Hart measured 0.10uV (-127dBm) for 
10dB s+n/n in an SSB bandwidth. To con- 
vert this measurement into the more usual 
VHF/UHF units of noise figure (NF) we first 
need to calculate the noise floor power in 
watts. Starting with Peter’s measurement in 
dBm for 10dB (s+n)/n, subtract 9.54dB to 
estimate a noise floor of -136.5dBm. That 
converts via -166.5dBW to 2.22 x 101’W. 

The fundamental quantity in discussions 
of receiver noise - especially at VHF and 
above - is equivalent noise temperature T. 
We don’t have space here to explain the 
concept fully, but there’s a detailed expla- 
nation in [4] and [5]. Noise temperature is 
measured in units of kelvin (K) and is very 
easily calculated from noise floor power 
by the formula: 

T = (noise floor, W)_ 

(1.38 x 10°73 x bandwidth, Hz) 

In this case, assuming an effective noise 

bandwidth of 2500Hz, we have: 


? 


it=2.22ex01027W 
(1.38 x 1073 x 2500) 
= 643K. 

The conversion to NF is then: 

F = 10log,,(T/290 +1) = 5.1dB 

For comparison, ARRL’s noise floor 
measurement of -143dBm in 500Hz con- 
verts to 726K and a NF of 5.4dB. These 
measurements may be correct, but meas- 
urements of low noise figures by the signal 
generator method are quite difficult and 
can be subject to serious errors. At VHF/ 
UHF the receiver noise is often compara- 
ble with background noise, so a few dB 


variation in receiver NF can make a very 
noticeable difference in performance on 
weak SSB/CW signals. It would be much 
more revealing if equipment reviews could 
quote VHF/UHF sensitivity measurements 
in terms of NF in addition to the present 
microvolts and dBm; and it would also be 
better if the measurement technique could 
be based on a calibrated noise source rather 
than a signal generator. 

For reference, a manufacturer’s specifi- 
cation of ‘less than 0.13uV for 10dB s/n’ 
translates, under the most favourable as- 
sumptions, to ‘noise figure less than 6.4dB’ 
- in other words, ‘won’t be stone deaf, but 
could be significantly hard-of-hearing’. 
For serious VHF/UHF DX and casual sat- 
ellite operation, a NF of 2.0-2.5dB is a 
good performance target [4, 5]. An exter- 
nal preamplifier would be a poor option 
for terrestrial VHF/UHF DX, because any 
additional preamplifier gain would detract 
from the strong-signal handling [4, 5]. 
Both inside and just outside the VHF/UHF 
amateur bands, there are increasing num- 
bers of strong signals waiting to overload 
your receiver. If you add an external 
preamp, it is as if all these transmitters had 
increased power by 10-50 times! On the 
other hand, a preamp out at the antenna 
would be very desirable for serious satel- 
lite operation, because you’re mostly beam- 
ing upwards and away from the strong 
terrestrial signals, and the celestial back- 
ground noise is also very much lower. 

With a packaged HF-VHF-UHF trans- 
ceiver, you’re paying for versatility and 
portability rather than top performance. 
The reviews show that these transceivers 
perform adequately on all the bands they 
cover, so I am not criticising the perform- 
ance of the FT-100 or any other portable 
transceiver of that class. If you want top 
performance on HF, there’s no beating a 
‘contest-grade’ transceiver, but it will be 
bigger, significantly more expensive, and 
probably won’t have any VHF coverage. 
That’s the price of concentrating on just 
one part of the frequency spectrum and 
making fewer design compromises. For 
144MHz and above, it’s still very hard to 
beat that same top-grade HF transceiver 
with a well designed single-band 
transverter. 

Special thanks to Peter Hart, G3SJX, and 
to Zack Lau, WIVT, of ARRL for their 
helpful comments and contributions. 


REFERENCES AND NOTES 


1. By standard measurement convention, 
these are power or voltage levels deliverable 
from a 50Q source into a 50Q load, re- 
gardless of the actual input impedance of 


In Practice 


the receiver. 

2. The numerical precision in the worked 
examples is more than you need in practice. 
I have used excess precision so that you can 
repeat the calculations for yourself, and be 
sure you’ve followed them correctly. The 
numbers in Table 1 are rounded to a more 
practical level of precision. 

3. The ARRL standard is a signal/noise 
ratio of OdB, which is equivalent to a 
3dB(s+n)/n - but you cannot convert directly 
from Peter Hart’s 10dB (s+n)/n standard to 
ARRL’s 3dB (s+n)/n standard by subtract- 
ing the difference of 7dB. Instead, you must 
convert both figures back to signal/noise 
ratio. In other words, the true difference is not 
7dB, but 9.54dB. 

4. Modern Receiver Front-end Design by 
Ian White, G3SEK, Parts 1-3, RadCom, April- 
June 1985. These articles are reprinted 
with revisions in Reference 5. 

5. The VHF/UHF DX Book (available 
from RSGB Shop, see page 92). 


LOW-COST LIQUID FLUXES 
SEVERAL PEOPLE HAVE e-mailed or writ- 
ten with ideas for low-cost liquid fluxes that 
can be applied using an artist’s brush or a 
toothpick. 

THE LIQUID FLUXES we are considering 
are the grades that are suitable for apply- 
ing to joints in wiring or for surface-mount 
devices, when the flux in normal cored 
solder has evaporated or needs a boost. 
Good model shops carry an extensive range 
of Carr’s liquid fluxes. ‘Orange Label’ is 
the grade for electrical soldering, but there 
are many more aggressive grades that can 
be used for metalwork. These are unsuit- 
able for electrical work, because they leave 
corrosive residues that must be neutralised 
or rinsed off in water. 

There are several ways to make a liquid 
flux by dissolving other fluxes in isopropyl 
alcohol or methylated spirit. The consist- 
ency can be varied from water to treacle, as 
required, and more solvent can be added 
when it dries out. Sources of suitable flux 
include a larger container of aerosol spray 
(squirted directly into a small bottle), plumb- 
er’s Fluxite paste and even violin rosin. 
GISZK keeps a lump of rosin for cleaning 
his soldering-iron bit, and this material can 
also be melted on the bit and carried to the 
joint. Most of these ‘alternative’ sources of 
liquid flux would not be acceptable for qual- 
ity-assured manufacturing, but they can be 
perfectly suitable for amateur work. The 
trick is to use only the minimum quantity that 
will make a good joint, and not to leave any 
messy excess. 

Thanks to all who replied with comments 
and suggestions. ¢ 


If you have new questions, or any comments to add to this month's column, I’d be very pleased to hear from you by mail or E- 
mail. But please remember that I can only answer questions through this column, so they need to be on topics of general interest. 
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ROTATOR CLAMPS 
HOW CAN I prevent my rotator clamps from 
slipping under the wind-load of a large beam? 
THE OBJECTIVE IS to prevent the mast from 
ever beginning to slip inside the clamp, because 
once it does start to move, the slippage rapidly 
gets worse as the wind levers the mast back and 
forth. A pin-bolt through the clamp and into the 
mast is nota complete solution, because it does 
little to prevent the initial slippage. Then, once the 
mast begins to move, it will either shear the bolt 
orelse the bolt will chew a large hole in the mast. 
The clamp relies on friction to grip the mast, 
butremember that friction has two components: 
the applied force and also the coefficient of 
friction between the two clamped surfaces. If 
you rely on tightening up the clamps or the U- 
bolts, there is a serious risk of stripping threads 
oreven breaking the cast metal parts. To improve 
the grip withoutrisk of damage, you can enhance 


the coefficient of friction between the mastand - 


the clamp by inserting a high-friction material 
suchas neoprene sheet. This material has excel- 
lent ‘grab’ onto metal, and you can find it from 
several sources, for example offcuts of thin 
conveyor belting. For lighter duty you could try 
offcuts from a pond liner. The optimum thick- 
ness is the thinnest you can find that will not be 
cut right through when you tighten the clamps. 

When you're reassembling the clamps, don’t 
forget to use blue Loctite 242 on the bolts - 
especially if they are stainless steel. As noted in 
the October 1998 Jn Practice, it not only locks 
the threads and seals them against corrosion, but 
also acts as a vital lubricant while the bolts are 
being tightened, to prevent ‘galling’ and strip- 
ping of the threads. Galvanised steel nuts and 
bolts are essentially self-lubricating as they are 
tightened, and thick galvanising is almost as 
long-lasting as stainless steel. Steel hardware 
with the thinner “bright zinc’ plating is less 


suitable for outdoor use, and cadmium-plated or 


nickel-plated hardware can start to rust almost 
immediately if the plating is damaged - as it 
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-always will be when nuts and bolts are tightened. 


Unfortunately, some specialised rotator spares 
are only available in these less durable finishes, 
but you can considerably extend their life by 
applying athick coat of Waxoyl. Useastiff brush 
and work the Waxoy] thoroughly into the threads 
and crevices. The ‘oil’ component evaporates in 
afew days, leaving a durable coating of wax and 
corrosion inhibitors. For moving machinery that 
is totally exposed to the weather, Castrol motor- 
cycle chain wax gives good results and comes in 
a convenient spray can. 

TOOLATE -lover-tightened my rotator clamp 
and it broke! Where can I get spares? 

IF THE CLAMP is a two-piece part that bolts 
on to the top of the rotator (Fig 1) you may be 
able to get spares from one of the usual amateur 
dealers. However, there have been many changes 
in models and makes of rotators over the years, 
so the availability of spare parts for older mod- 
els is uncertain. Essentially, the same rotators 
have sometimes been sold under more than one 
brand name; for example, some of the older 
Daiwa and Kenpro models still continue under 
the Yaesu brand. The model numbers have 
changed, and so have some design details, but 
dealers should be able to advise you whether 
replacement parts will fit. 

G8GSQ and friends have pointed out that 
you can also make an acceptable bolt-down 
mast clamp from Kee Klamps, the familiar 
range of fittings that are widely used for joining 
lengths of tubing to make railings and similar 
structures (see Fig 2). Fixing is by Allen (hexa- 
gon drive) screws with high-friction cupped or 
serrated points. Kee Klamps can be obtained 
through real builders’ merchants - the kind who 
will order things for you. The fittings are made 
from cast malleable iron and are very strong 
(there other similar makes, but I don’t know 
about their strength). The items from the Kee 
Klamp range that can be adapted to make bolt- 
down rotator clamps are the ‘floor flanges’. 
Unfortunately, these products are not rated for 


(c) 


©rsce RC2433 


Fig 1: Examples of rotators that have (a) bolt-down and (b, c) integral mast clamps. 
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Fig 2: Examples from the range of Kee Klamp fittings 
that could be adapted to replace a broken rotator 
clamp of the bolt-down type. 


large sideways loads, and none of them com- 
bines two-screw fixing for the pole with four- 
hole fixing for the base. However, the 62-8 with 
its two-hole base should be quite suitable for 
use in arotator cage that will compensate for any 
lack of sideways support. Kee Klamps can also 
be welded very successfully, so you could 
devise your own combination of a catalogue 
product and additional strengthening. In all, 
you should have very little trouble in replacing 
a bolt-down rotator clamp. 

If yours is a ‘bell’ rotator whose mast clamp 
is an integral part of the top housing (Fig 1b, c) 
you obviously need to replace the whole large 
casting. These rotators were branded succes- 
sively as CDE, Telex and HyGain, and a good 
source of spares is normally N8DJB’s ‘Rotor 
Doctor’ company in the USA [1]. Prices are 
reasonable and carriage charges are not exces- 
sive. However, the entire HyGain amateur prod- 
uct line has recently been bought by MFJ Enter- 
prises and relocation of the factory has inter- 
rupted the flow of spares. Waters & Stanton 
PLC, the UK importers of MFJ products, say 
that they will be able to help with these spares 
when production resumes. 


*52 Abingdon Road, Drayton, Abingdon, Oxon OX14 4HP. 
-//www.ifwtech.demon.co.uk/g3sek 
E-mail: g3sek@ifwtech.demon.co.uk 
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Fig 3: WOIYH’s diplexer harmonic filter for the US 
80m band - exact component values and 
simulated response. 


REFLECTIONS ON FILTERS 
WHAT HAPPENS TO the signals on unwanted 
frequencies that do not pass through a filter? 
IN MOST FILTERS the unwanted energy is 
reflected back to wherever it came from - in 
other words, the filter presents a severe mis- 
match at all unwanted frequencies. However, 
there are anumber of subtleties that can greatly 
affect the choice and performance of filters. 
One example has recently been highlighted 
by Bill Sabin, WOITYH, who described the 
effects of an ordinary low pass filter on a solid- 
state HF PA [2]. The unwanted harmonic en- 
ergy at the output of such a PA can be quite 
considerable, and the filter can present a highly 
reactive input impedance at frequencies above 
the passband. This may encourage instability, 
especially in power MOSFETs that have sig- 
nificant gain at frequencies well into the VHF 
region. In addition, the reflected harmonic en- 
ergy - especially the third harmonic - can be 
returned to the transistor at an amplitude and 
phase that can significantly worsen the 
intermodulation performance. All of these ef- 
fects are difficult to predict and quantify, which 
is why WOIYH designed aset of diplexer filters 
which presenta good 50Q termination at almost 
all frequencies. The principle of the diplexer 
filter is to accept energy at all frequencies, but 
to split-off the unwanted harmonics and dump 
them into a dummy load. Fig3 shows the circuit 
of the filter for the 80m band, with the original 
design values and the predicted performance. 
The section L1-C1-L2-C2-L3 is the low pass 
part, which passes the fundamental 3.5MHz 
signal through to the antenna but rejects har- 


monic energy. The high pass part, C3-L4-C4- 
L5-C6, rejects the fundamental energy but ac- 
cepts the harmonics and terminates them in a 
50Q dummy load. The predicted performance 
shows an excellent match to 50Q at 3.5MHz, 
and a very good match at all other frequencies. 

More revealing is Fig 4 which shows what 
happens to each component of the signal in the 
real-life filter. Fig 4a is the ‘raw’ unfiltered 
output of the amplifier. Note the high levels of 
the odd harmonics (the third harmonic is only 
about -13dB relative to the fundamental). The 
even harmonics are suppressed because of the 
amplifier’s symmetrical push-pull configura- 
tion. Fig 4b shows what reaches the load (an- 
tenna) through the low pass section - the third 
harmonic is the only one visible, and it is well 
suppressed to about -55dB. Fig 4c shows what 
is dumped into the dummy load by the high pass 
section - essentially all of the unwanted har- 
monic energy that would otherwise have been 
reflected back into the PA devices. You will 
notice from Fig 4c that some of the fundamental 
energy gets through the high pass filter and is 
lost in the dummy load, but this is about 27dB 
down on the output level, ie only about 2W is 
lost in a LOOW PA. Also, WOIYH’s simple 
diplexer relies on the second harmonic level 
being already quite well suppressed within the 
PA - but this is achieved almost automatically 
in the normal configuration of transistor push- 
pull PAs. 

[have not given the exact component details, 
because these are subject to some construc- 
tional variability. WOTYH’s article [2] gives a 
recommended layout fora relay-switched bank 
of filters covering all the HF bands. His own 
experimental values can also be downloaded 
from the ARRL web site (use the link from the 
In Practice page at my site). Also, the original 
80m filter was designed for the American band, 
which extends up to 4.0MHz. For use here in 
ITU/IARU Region 1, it could be re-designed 
for better performance, by moving the cut-off 
frequency down by 200kHz. 


HOW MUCH IS the harmonic suppression of 
a low pass filter affected by its terminating 
impedance? For example, a half-wave dipole 
looks like a severe mismatch at the second 
harmonic frequency. 

THIS IS DIFFICULT to answer in detail, 
because it depends so much on the specific filter 
design and the specific terminating impedance. 
The problem is difficult both to model and to 
measure. However, you’re really more inter- 
ested in the EMC performance than the actual 
harmonic suppression, and a good generalisa- 
tion is that the EMC performance won’t be 
affected much. Most low pass filters tend to 
contain series- or parallel-resonant traps at par- 
ticular frequencies such as TV channels, and 
these deep notches in the stopband will not be 


In Practice 


shifted by changes in terminating impedance. 
Consequently the most vulnerable frequencies 
remain protected and the impedance mismatch 
at the harmonic frequencies will automatically 
reduce the levels radiated from the antenna. 


REFERENCES 

1. Rotor Doctor, 7368 SR 105, Pemberville, 
OH 43450, USA. Tel: 00-1-419-352-4465. 
Fax: 00-1-419-353-2287. www: follow the 
link from my web site. 

2. Diplexer Filters for an HF MOSFET Power 
Amplifier, by Bill Sabin, WOTYH, QEX, July/ 
August 1999, pages 20-26. + 


MHz 
SD Ome Ot 40m 2rOn, 24:55 20:0 


Fig 4: (a) Input spectrum showing fundamental and 
harmonics of WOIYH’s 3.5MHz push-pull PA (sweep 
2 to 30MHz, 10dB/division). The largest signal (top of 
screen) is the 3.5MHz fundamental; all other signals 
are harmonics. (b) Same sweep, output of low pass 
section. (c) Same sweep, spectrum of harmonics 
dumped into dummy load. 


if you have new questions, or any comments to add to this month's column, I'd be very pleased to hear from you by mail or E-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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ELEVATION ROTATORS 

WHAT DO YOU recommend as an elevation 
rotator of a VHF/UHF/satellite array? 
COMPARED WITH ORDINARY azimuth 
rotators, there is a very limited range of eleva- 
tion rotators available - and most of these are 
too small. Over the years, azimuth rotators 
have become available in ever-increasing 
sizes, but commercially available elevation 
rotators have mostly remained stuck with one 
basic small design, the one that passes a tube 
of diameter no more than 1'4in through the 
body of a box-shaped motor housing (Fig 1). 
This is usable for small satellite arrays, but it 
overlooks one obvious truth: the elevation 
drive needs to be as big and strong as the 
azimuth drive, because it is subject to the same 
forces from the wind and from the motion of 
the antenna array - especially starting, stop- 
ping and sudden reversal. If you’re using a 


heavy-duty azimuth rotator and a 2in heavy- - 


wall vertical mast, it doesn’t make sense for 
the elevation drive to be much smaller and 
weaker. There are three major weaknesses in 
these small elevation rotators: the size of the 
gears, which limits the turning and braking/ 
holding torque; the maximum size of the 
cross-boom that can pass through the rota- 
tor, which weakens the whole structure; and 
the short horizontal length of the rotator 
body, which magnifies the forces on the 
bearings and the body casting when the 
antenna rocks from side to side. Not surpris- 
ingly, the weakest part of the system usually 
breaks first! Two further unwelcome fea- 
tures of the small commercial elevation rota- 
tors are the rotation speed and the price - 
both of which are far too high. 

The way around this is to build your own 
elevation rotator. A satellite TV jackscrew 
actuator costs a small fraction of the price of 
a packaged rotator and will be far more 
reliable. If you’re not familiar with these 
items (also known as actuator arms or linear 
actuators), Fig 2 shows what they look like: 
an electrically driven screw jack which ex- 
tends out of the fixed tubular body. There is 
a ball joint at the far end, and a clamp 
carrying another ball joint that can be posi- 
tioned anywhere along the body. The huge 
advantage of the ball joints is that you don’t 
have to get the geometry exactly square and 
true - the joints adjust to compensate. These 
actuators come in various sizes; for example 
an actuator that has a total range of move- 
ment of 12in is called a ‘12-inch’ model, 
although the total length is significantly more. 
All the domestic TV models up to 18in seem 
to use the same drive unit, with a geared 24- 
36V DC motor that is significantly larger 


———————————————— 
*52 Abingdon Road, Drayton, Abingdon, Oxon OX14 4HP. 
htp://www.ifwtech.demon.co.uk/g3sek 

E-mail: g3sek@ifwtech.demon.co.uk 
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Fig 1: Weaknesses of an under-sized elevation 
rotator. The elevation drive should be as big and 
strong as the azimuth drive. 


than the motor in a typical amateur rotator. 
The direction is changed by simply reversing 
the two wires to the motor from the DC power 
supply, and almost all models have built-in 
adjustable limit switches - an important fea- 
ture since these actuators are powerful 
enough to do significant damage if they 
over-run. Actuators are readily available 
through satellite TV distributors for £25-35. 
At such prices it really isn’t worth building 
your own. For a typical amateur elevation 
setup, go for the 12in or 18in model. 

There are several ways to use the actuator to 
elevate an antenna array. Fig 3 shows one way, 
based on a combination of ideas from the 
moonbounce community, notably W3A3USC, 
GM4JJJ and G4ZHI [1]. The horizontal cross- 
boom that carries the antennas is substantial 
(typically 2in diameter) and rotates inside a 
fixed section of larger tubing, at least 1 ft long. 
The fixed bearing tube is secured to the vertical 
mast by a large metal plate with several U- 
bolts. This is obviously much more secure 
against sideways rocking motion than the small 
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Fig 2: Typical satellite TV actuator (screw jack). 


packaged rotator can ever be. W3A3USC’s 
layout, widely copied (Fig 3), uses a U-shaped 
frame made of 1'/in steel angle. This provides 
the lever arm for the actuator, and the clamps 
on the rotating tube prevent it from sliding 
lengthways inside the bearing tube. The frame 
is approximately vertical when the antennas 
are horizontal, and is located on the rear side of 
the mast. To elevate the antennas, the actuator 
extends and pushes the top of the frame as 
shown. G4ZHI and GM4JJJ each use a slightly 
different layout, based on a double cross-boom 
to support their four Yagis, and their web sites 
are good sources of ideas [1]. 

In all layouts, small brackets hold the pivot 
bolts that pass through the ball joints on the 
actuators. So long as these two bolts remain 
reasonably parallel through the full range of 
motion, the ball joints will take up any minor 
inaccuracies. You need to adjust the layout 
geometry so that the available extension of the 
actuator will give the full range of elevation 
motion from zero (horizontal) to 90° (straight 
up). The versatility of the satellite actuator 
makes this very easy, because the fixed ball 
joint can be clamped anywhere along the body 
of the actuator, and also the limit switches can 
be adjusted to prevent ovg¢r-driving if you 
don’t need to use the full range of motion. The 
lever arm is what gives strength to the whole 
system, and it should be typically 1-2 feet long. 
Compare this with a conventional rotator, in 
which the lever arm is only the radius of the 
final drive gear. The drive speed of the actuator 
is nice and slow, typically one degree every 
few seconds. Unlike azimuth rotators, where 
you sometimes do need high speed, you don’t 
ever need high-speed movement in elevation - 
this isn’t a missile tracking system! 

There are a few layout features that might 
not be obvious from the illustrations. One is 
that the antenna array should be counterbal- 
anced such that the actuator is under slight 
tension. This is not very important for small 
satellite arrays, but if the actuator is subjected 
to large compressive forces it could bow the 
threaded drive rod. If the rod is kept perma- 
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Fig 3: A simple elevation system that can be built with hand 


tools. There are several alternative layouts on the web [1]. 


nently under tension, it will always remain 
straight. Also, the open end of the actuator 
must always point slightly downwards, so that 
water cannot run inside. The actuator has a 
sliding rubber seal to keep the water out, but 
the force of gravity is much more dependable. 
Likewise, the motor housing must always hang 
downwards, because there’s a ‘breather’ hole 
in the bottom. From time to time, remove the 
motor housing and squirt some motorcycle 
chain wax into the tube that houses the threaded 
drive rod and the moving nut. You can do this 
without removing the rest of actuator from the 
mast, and with this minor maintenance it 
should comfortably outlast the rest of the 
antenna array. 

Finally, note that all of this can be achieved 
without any welding or machine tools - just a 
hacksaw, electric drill and other hand tools. 
Once you’ve built and used a screw-jack el- 
evation system, you’ll never go back to a 
conventional rotator. 


EXTENDED DOUBLE ZEPP 

EACH TIME I see an article describing the 
‘Extended Double Zepp’ antenna, I also see a 
wide variation on the length of wire on each 
side, varying between 0.6 and 0.65 wave- 
lengths. Each article states this is very critical 
in order to achieve the 3dB broadside gain, but 
lengths do seem to vary quite a lot... 

THE ‘Extended Double Zeppelin’ (EDZ) is a 
particular example of a centre-fed doublet 
antenna, about 1.2-1.3 wavelengths long over- 
all. This is the greatest possible length that a 
centre-fed doublet can have before the major 
broadside radiation lobe starts to break up. The 
radiation pattern depends on the overall length, 
but not critically so. What happens when you 
increase the total length of a doublet is that two 
broadside main lobes grow, so the gain in those 


directions increases, but also four more side 
lobes grow as well (Fig 4). Somewhere in the 
region of 0.60-0.65 wavelengths per leg, the 
broadside gain is a maximum, and beyond that 
length the increased radiation into the side 
lobes reduces the broadside gain. At 1.0 wave- 
lengths per leg, the broadside lobe has van- 
ished into a null, and the former side lobes have 
grown to become the four main lobes. 

The older textbooks were written before it 
was possible to calculate the broadside gain 
with the accuracy that we can now, using 
computer models, so the various recommen- 
dations are probably due to different approxi- 
mate methods of estimating the gain. On the air 
I don’t think you’d ever notice the difference 
between about 0.6 and 0.65 wavelengths per 
leg, so don’t worry about it. Any variations in 
feedpoint impedance with length are not a 
problem, because you'll always need to feed 
the EDZ with an ATU. 


Fig 4: Free-space polar pattern of a centre-fed 
‘EDZ’ doublet with 0.65 wavelengths each side. 
The computed broadside gain of 4.93dBi 
equates to 2.78dB over a half-wave dipole in the 
same location. However, if the antenna is 
extended much beyond 2 x 0.65 wavelengths, 
the four sidelobes would grow rapidly and the 
main broadside lobes would shrink. 
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LABELS AND SCALES 

HOW CAN I make good-looking labels and 
scales for front panels? 

THERE ARE SEVERAL good ways, using a 
PC and a laser or inkjet printer. You can either 
make individual labels or design a complete 
front panel, up to the maximum size that you 
can print. One effective style is black lettering 
on a light-coloured or bare aluminium back- 
ground, and you can do this very easily with 
an ordinary printer on transparent film. Use 
3M spray adhesive to fix the film to the panel. 
To avoid wear on the printing, mirror-image 
the artwork (use a PC ‘paint’ program rather 
than a word-processor) and turn the sheet 
over so that the printing is underneath the 
film. 

GW4IMC has found an alternative way - he 
takes the artwork to the local photo shop and 
has water-slide transfers made. These are 
mainly intended to go on mugs, but the Snappy 
Snaps chain can make transfers up to A4 size. 
The transfers will stick to most surfaces and 
can be protected by a fine spray of clear 
varnish or one coat of clear epoxy resin (a 
modeller’s trick). As Trev says, "A good 
professional job with a design out of your 
own imagination." 


REFERENCE 

1. The Jn Practice web page has links to 
G4ZHI and GM4JJJ’s sites, and also to a fully 
digital elevation readout by VEIALQ. 


THANKS AGAIN 

THANKS AGAIN to all the readers and corre- 
spondents who make this column so interest- 
ing to write. Much of Jn Practice is based on 
other people’s knowledge and experience, so 
thank you for allowing me to-pass it on. Happy 
holidays and best wishes for 2000! + 


If you have new questions, or any comments to add to this month’s column, I'd be very pleased to hear from you by mail or E-mail. 
But please remember that | can only answer questions through this column, so they need to be on topics of general interest. 
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PAOSE ON 2197m 

STILL MISSED ARE the ‘Reflecties door 
PAOSE’ articles which Dick Rollema contrib- 
uted to the Dutch VERON journal Electron for 
25 years until the end of 1997. However, 
PAOSE has not been idle. One of his subse- 
quent long articles ‘PAOSE op 2197 meter’ 
(Electron, October 1998, pp425-429) describes 
his complete home-built 135.7 - 137.8kHz 
station, including a LF converter with tuned 
frame-antenna (Fig 1) and a crystal-controlled 
200 watt transmitter using four IRF520 
HEXFETs (Fig 2), in parallel-push-pull, pow- 
ered from a 30V 10A supply. 

PAOSE has worked a number of British and 
Belgian amateurs on this promising LF band, 
with an RF output of 60-80 watts. Keying can 
be either by hand or automatically from a 
cassette recorder, for which PAOGJH has com- 
puter-produced a test message: ‘Test de PAOSE 
QTHR 40km SW _ Amsterdam tel 
31715892734)’. 

Onanarrow band, acrystal-controlled trans- 
mitter is less of a disadvantages than it would 
be on the HF bands. A 136.567kHz signal can 
be generated directly from an HCT4060 IC- 
divider (which can divide by 2, 4, 8, 32, 64 or 
128), using the divide-by-64 configuration from 
an 8739.89kHz crystal. An 8750kHz crystal 
would providea 136.72kHz signal; an 8800kHz 
crystal 137.5kHz, etc. 


*37 Dovercourt Road, London SE22 8SS 
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Fig 1: PAOSE’s 136kHz crystal-controlled receiver converter. The large 20-turn tuned loop antenna is 
coupled to the mixer by means of a three-turn winding wound in the centre of L1. 


The choice of crystal frequency for the con- 
verter is simply a function of the tuning range 
used on the main receiver, PAOSE’s 4050.5kHz 
crystal placing 135.7 - 137.8kHz in the range 
4186.2 -4188.3kHz, or alternatively 3914.8 to 


~ 3912.7kHz with L3 resonated to the middle of 


the chosen band. L2 is wound round the same 
large frame as L1, with L2 in the centre of the 
spaced turns of L1. 

While PAOSE’s article provides illustra- 
tions of his neatly constructed frame aerial and 
breadboarded transmitter, plus full details 
(Dutch text) of his LF station, it is hoped that 
reproduction of these few notes and circuit 
diagrams will at least provide some useful 


TR2-TR5 = IRF520 TR2 
R3-R6 = O-5W 


ideas for those seeking to make use of this 
band, which presents significantly fewer an- 
tenna problems than 73kHz and is attracting 
increasing activity. 


THE BATTERY MISER 

VINCENT EVANS, G4AVT, noted with great 
interest the 77 (October, 1998, p41) item ona 
battery economy receiver for remote under- 
developed areas without mains supplies and 
where the cost of batteries becomes the major 
factor in cost of ownership. This was because 
the economical use of batt&ries in portable 
receivers has been a pet subject of his for many 
years. His article ‘Battery Miser’ (Radio Con- 


Pax" 
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Fig 2: PAOSE'’s 135.55kHz transmitter, using an HCT4060 frequency divider and four IRF520 HEXFETs in parallel-push-pull as a power amplifier. T1 is wound on 
a Philips FXC362 ferrite ring core, with a diameter of 23mm. Construction of the output transformer and the coil-loaded antenna is described in the Electron article 


(Dutch text). 
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Aselection of G4AVT's battery life extenders 


structor, November 1974) described a receiver 
incorporating some of his battery-saving de- 
vices; he was later granted UK Patent No 
2070294 “Battery Economiser Circuit’, April 
1984 for a more developed arrangement. He 
believes that with modern devices it could 
doubtless be developed further. 

Like many patents, the concept is basically 
simple. G4AVT based his on the following 
considerations: A 9V battery when new deliv- 
ers 9+V; the typical 9V transistor portable is 
designed to continue working satisfactorily at 
voltages appreciably below 9V; the quiescent 
current ofa push-pull amplifier is related to the 
voltage on its power line; so that by reducing 
the voltage on this line to the minimum satis- 
factory working voltage the current drain will 
be reduced. His answer is to provide a voltage 
regulator at the lower operating voltage: Fig 3 
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Fig 3: G4AVT’s ‘battery economiser’, as patented in 
1984. 


is derived from one of his Patent illustrations. 
But, as G4AVT stresses, the regulating 
device must itself draw minimal current and 
have minimal voltage drop. This means that 
the components used will be of critical impor- 
tance, and should therefore be of high grade. 
His Patent illustrated various forms of enclo- 
sures for the regulator device. These include 
various shapes, fitted with connectors for bat- 
teries, but it would be possible to use other 
encapsulations such as heat-shrink sleeving 
etc, permitting the device to be tucked into the 
case of the receiver. His Patent also featured a 
unit built into a car cigar-lighter plug. 
G4AVT did not pursue the project commer- 
cially with any vigour, but still has a limited 
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number of economisers available in various 
enclosures, studded for PP9 or PP3 batteries, 
which he is willing to supply at cost (£5 d/d 
UK) to anyone interested in assessing per- 
formance and possible further development. 
He also still has a small stock of parts and 
working drawings: Vincent S Evans, Beacon 
View, Parbold Hill, Parbold, Lancs WN8 7TG. 

In the letters column of Electronics World 
(November 1998), Reg Moores, G3GZT, notes 
that nickel-cadmium cells often fail well be- 
fore the 500-1000 recharge cycles normally 
claimed for such cells. He believes that this is 
often due to chargers delivering much higher 
charging currents than the usually recom- 
mended one-tenth of the capacity of the cells. 
In some equipments very high charging rates 
are deliberately used to provide shorter charg- 
ing times. To achieve the optimum number of 
recharging cycles, he recommends measuring 
the charging current and checking that this is 
not more than the one-tenth figure. 

In the same issue, Frank Eliason of Ply- 
mouth raises the question of why, when 
powering equipment from two series-connected 
batteries, one battery virtually always becomes 
exhausted [ie high internal resistance] well 
before the other: “I have tried various pairs and 
the same thing always happens. I have even 
taken ‘good’ ones from each pair and paired 
those, but the same thing always happens. Can 
anyone suggest a solution to this problem?” 


PHANTOM-COIL VXO 
ALTHOUGH THE variable-frequency crystal 
oscillator (VXO) seems to have occupied a 
good deal of space recently in 77, there is little 
doubt that this topic is of significant interest to 
those remaining enthusiasts who still build 
simple equipment, particularly for low-power 
portable operation. It is still true that crystal- 
control can provide a frequency stability of up 
to 1000 times and a VXO some 100 times 
better than the average LC oscillator. 

Gerald Stancey, G3MCK, in the course of 
some tidying up came across a five-page arti- 


cle (‘Phantom-coil VXO’ by Frank Noble, . 


W3MT) in an old issue of the still-missed Ham 
Radio, January 1982, pp66-71, plus a cor- 
rected diagram in the July 1982 issue, p8. This 
not only introduced an interesting technique in 
showing how an artificial transmission line 
can create the illusion that a variable-capacitor 
is a large variable coil, as required by a low- 
frequency VXO, but also provides a useful 
survey of VXO basics for capacitor-only 
(CV XO) and inductor-only (LV XO) systems. 

W3MT explains that the CV XO, using vari- 
able capacitance only, always operates above 
series resonance of the crystal and is nearly as 
stable as a fixed crystal oscillator. “But even 
with the greatest-care in circuit design it is not 
possible to exceed a range of about 5kHz on 40 
metres if standard crystals are used. 
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“On the other hand, the LVXO, using the 
equivalent of a variable inductance, can ex- 
ceed a range of 50kHz on 7MHz, but the 
stability will decrease with range as shown in 
Fig 4. This figure underlines the enormous 
inductance required to shift the frequency. The 
LVXO always operates below the crystal’s 
series resonance; typically this is 2-3kHz be- 
low the frequency of operation [parallel reso- 
nance] for 7MHz HC6/U crystals with a 32pF 
load capacitance. 

“It is usual to obtain an effective variable 
inductance by connecting a large fixed inductor 
in series with a large variable capacitor. The 
minimum reactance of the capacitor must be 
small compared with the inductor’s reactance, 
and its maximum must be equal to that of the 
inductor. This arrangement has a number of 
disadvantages: (1) A good coil must be incon- 
veniently large mechanically on 7MHz and 
lower frequencies. (2) As a result of the large 
inductance, the self-resonance of the coil will 
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Fig 4: The LXVO can exceed a tuning range of 50kHz 
on 7MHz, but the stability will decrease with range. 
Left-hand ordinate, equivalent load inductance 
versus frequency shift below crystal series 
resonance. Right hand ordinate, stability ratio of 
the LVXO with respect to an LCO versus frequency 
shift below crystal series resonance (HC6/U crystal, 
7MHz LVXO, Co 6pF, r = 250). 
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Fig 5: W3MT’s tentative circuit for a VXO using an 
artificial quarter-wave line to transform a variable 
capacitor into a ‘phantom’ variable inductance. The 
crystal ‘sees’ an inductance that is variable 
continuously from zero to 35uH by means of CT. 
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Fig 6: W3MT’s prototype design for his ‘phantom-coil’ VXO, as a first model to test the theory. In his 1982 
article he suggested various improvements. X1-X5 are 7MHz crystals, spaced 10kHz apart. 


approach that of the operating frequency, re- 
ducing the stability of the coil. (3) Near series 
resonance, the net reactance is the difference 
between two large numbers, so the stability 
may suffer. (4) Bizarre capacitor-plate shapes 
are needed to obtain even reasonable frequency 
linearity.” 

W3MT argues that an improved tuning ar- 
rangement employs the reactance-inversion 
properties of transmission lines. A quarter- 
wavelength of coaxial cable terminated at the 
receiving end with a variable capacitor will 
appear as a ‘phantom’ inductance. While an 
actual transmission line could be used, its 
physical length on, say, 7MHz would be incon- 
venient in practice (although G3MCK hopes to 
try such an arrangement experimentally). 
Moreover, its characteristic impedance would 
be under 100Q (typically 50 or 75Q). 

W3MT overcomes these problems by using 
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an ‘artificial’ line based on lumped compo- 
nents; in his case the simplest possible - ie one- 
half ofa ‘half-wave’ filter, comprising a single 
low-pass pi-section with all reactances nu- 
merically equal at the operating frequency. He 
provides the appropriate design formulae in 
his long article. Fig 5 shows his tentative 
circuit in which the crystal ‘sees’ an induct- 
ance that is variable continuously from zero to 
35uH by means of the trimmer capacitor CT 
which is 31-245pF or, omitting the left-hand C, 
should have the range of 87-301pF approxi- 
mately. 

W3MT stresses that by far the most impor- 
tant consideration in this design is the quality 
of the pi-section inductance, since the filter 
uses air capacitors, and the oscillator input 
capacitors can be excellent (air, polystyrene, 
silver mica, etc). The main requirements for 
the inductor L are: Low distributed capaci- 


(Radio Shack 276-1152) 


Fig 7: Power supply for the VXO. It was built in a separate enclosure, to isolate the VXO from vibration and 


heat. 
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tance (self-resonance far above 7MHz); High- 
Q, so that the oscillator coupling capacitors 
can be large; Small physical size, so that its 
field can be contained within shielding of 
reasonable size; Mechanical rigidity; Low tem- 
perature coefficient (less important if the heat 
dissipated within the enclosure is minimised 
and isolated from the coil). He stresses that any 
kind of ferrite or iron-core inductor should be 
avoided, since their temperature coefficient 
will be poor and the inductance may vary with 
signal level. He opted for the machine-wound 
B&W ‘Miniductor’ coils. 

Fig 6 and Fig 7 show how W3MT imple- 
mented the ‘phantom coil’ VXO as a first 
model, with the TR1 dual-gate MOSFET fol- 
lowed by two similar devices as buffer ampli- 
fiers, the complete unit providing an output of 
400mV at 50Q. He used five 7MHz crystals 
spaced 10kHz apart (7010-7050kHz) presum- 
ably limiting the VXO tuning range to 10kHz 
using partially plated fundamental AT cuts, 
type HC6-U specified for series-resonant fre- 
quency. The stability performance appears to 
have been on a par with an equivalent fixed 
frequency crystal oscillator. He concluded his 
article by listing a further six detailed improve- 
ments to this design, which he hoped other 
experimenters would develop further. I cannot 
recall reading of any later developments. 

G3MCK suggests that the phantom-coil 
VXO appears to be a novel approach and 
would provide a good use for the Smith Chart 
as a design aid. 


HERE & THERE 

JOHN RABSON, G3PAI, draws attention to a 
note in the August 1998 issue of the BT Retired 
Staff Section Newsletter, from one of those 
volunteers who help maintain the equipment 
of the ‘Talking Books for the Blind’ service. H 
D Bickley writes: “When a fault is reported, 
the nearest Service Volunteer (SV) visits the 
subscriber to do the necessary - usually on the 
spot. For the volunteer it can be both a reward- 
ing and a humiliating experience. Rewarding 
as doing a good turn can be rewarding, but 
humiliating when one sees at first hand the 
difficulties and hardships faced and cheerfully 
overcome by sightless people. As an example, 
one of my blind people built radio receivers for 
a hobby. He soldered all his joints. His joints 
might not have passed muster in BT work- 
shops, but they did work. His method was to 
use a Weller Solder Gun (in which the ‘bit’ 
heats up almost instantaneously when the trig- 
ger is pressed and cools off as rapidly on 
release). He placed the wire on the tag, applied 
the business end of the gun, locating it with a 
finger of his left hand, replaced his finger with 
the end of the solder wire, and squeezed the 
trigger. He handled colour-coded resistors by 
having them threaded on a strip of paper which 
carried the values punched in Braille. .. Any- 
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one interested in joining the SV service can 
obtain details from the RNIB.” 

In respect of VXOs and many other aspects 
of quartz crystal practice, Etienne Nisolle, 
ON4KEN, draws attention to an article ‘Crys- 
tal Testing’ by Detief Burchard, Dipl.-Ing. in 
VHF Communications, 3/93 pp162-177. This 
has nine sections: Introduction; Crystal 
resonances; More precise representation of 
resonances; Measuring the equivalent data; 
Measurement of temperature behaviour; 
Changing the resonance frequency; Applica- 
tions; It is even simpler to measure the crystal; 
Literature. 


DELAYED ECHOES - G3PLX’s 
EXPLANATION 

THE OCTOBER 1998 77 included some ideas 
on possible causes of the 210-millisecond de- 


lays recorded by Peter Martinez, G3PLX, in © 


October and December 1997. Peter, himself, 
now writes: 

“Geophysicists have given me more infor- 
mation about the Van Allen belts, and they no 
longer look very promising. All the indications 
are that although the energies of particles in the 
belts are high, the actual number of electrons is 
much too low, even in the strongest solar 
storms. There were, in any case, no significant 
solar events during my observed echoes. Also, 
my own studies of the ray paths involved show 
that when the F-layer just starts to show a 
‘hole’ at the zenith with signals starting to 
escape into outer space (that is, a skip zone just 
starts to develop) the rays going through the 
hole are highly de-focused. In other words, 
rather than there being a narrow pencil beam 
shining through the hole, the signal fans out to 
cover a hemisphere. This means that the signal 
going straight up will be much weaker than the 
free-space value, although it will get stronger 
later on in the night. This is not 
consistent with my observed 
near-free-space signals in the 
evening. 

“In addition, the 210mS ech- 
oes I hear correspond to a dis- 
tance of 63,000km, which places 
the reflecting point 31,500km 
away. There are two Van Allen 
belts, but even the outer one is 
too low to be responsible - its 
inner edge is about 13,000km 
above the equator and is lower 
still at higher latitudes. The mean 
velocity factor of the intervening 
space would have to be less than 
0.4 to account for this. 

Before your piece in 77’ I had 
concluded that a topside field- 
aligned duct was the most likely 
cause, which I believe is what 
VE3HX is describing. The Ca- 
nadian Alouette satellite in the 
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1960s did ionospheric sounding from the top- 
side, and showed paths from the satellite at 
500km above the equator which followed 
magnetic field lines towards each pole and 
reflected back from each end to the satellite. 
They even saw paths via both ends: see Jono- 
spheric Radio by K Davies, p266. 

“T believe that VE3HX assumed ground 
reflection and velocity of light to estimate the 
path length, but the signal is not actually re- 
flected from the ground. As you point out, this 
would give the very high attenuation of a back- 
scatter reflection. In practice, the reflection is 
a field-aligned critical reflection in the top side 
of the F-layer, in which the ray is brought to a 
standstill in the topside of the F-layer and then 
re-traces its path [Fig 8 is my rough approxi- 
mation (not to scale) of G3PLX’s signal path - 
G3VA\]. The signal velocity drops as it dips 
into the top of the F-layer, the effect of which 
is frequency-dependent, giving a longer delay 
at lower frequencies. But this part of the path is 
only a small fraction of the total, so the effect 
will only be slight. Last winter I tried to see if 
there was any change in delay time between 
3.5MHz and 3.8MHz, but could not detect it, 
which means it was less than about 2mS. I 
could hear no echoes on 2 or 7MHz. Amateur 
bands at 2.5 and SMHz would have been use- 
ful! 

“To place a signal into this duct from the 
north end requires that the critical frequency is 
lower than the transmission frequency above 
the transmitter, so that the signal can bend 
around the top edge of the ‘hole’, until it lines 
up with the magnetic field and is then trapped 
along it. At the southern end, the critical fre- 
quency must be higher than the signal fre- 
quency, so that as the guiding field line gets 
deeper into the topside of the F-layer, the wave 
reaches a level where reflection occurs and the 
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Fig 8: A rough approximation (not to scale) of the possible signal path that 
resulted in the 210mS echoes on G3PLX’s 3.5MHz transmissions in October and 
December, 1997. 


Technical Topics 


signal retraces its path. Such conditions would 
apply in northern hemisphere winter after sun- 
set, and that is when I observed echoes. 

“T am listening for echoes again this winter 
with the DSP set-up. Last year, in addition to 
the chirp sounder trace, I made a stereo tape 
recording of the echoes, with the transmitted 
chirp on one channel and the received echo on 
the other.” 

This all seems to be a logical solution to the 
problem of MDEs, although I remain a little 
puzzled at the apparent rareness of these propa- 
gation conditions. 

G3PLX has also been investigating the Lux- 
embourg Effect (see 77, February, July and 
October 1998), which he and other European 
amateurs have observed on a German 
138.82kHz transmitter which radiates an 
unmodulated carrier between bursts of FSK 
data. Several amateurs noticed faint broadcast 
audio on the carrier after sunset, resulting in 
sidebands spreading into the amateur 136kHz 
band. It became apparent that the broadcast 
audio was (a) not from a local broadcast trans- 
mitters; and (b) was not the same for different 
observers. In Germany, the audio was from a 
German Long Wave transmitter in another part 
of Germany. In Sweden, it was from a Swedish 
Medium Wave transmitter (close to the gyro 
frequency). G3PLX in Cumbria found he was 
getting a mix of French LW transmissions and 
Radio 4 from Droitwich. 

G3PLX continues: “Studying the books 
about the Luxembourg Effect shows that the 
thermal time-constant of the ionosphere is in 
the range 60-600uS, varying with reflection 
height. This means that the frequency response 
of the cross-modulating audio should be no- 
ticeably lacking in high frequencies [as noted 
in the earlier 7T items], with progressively 
more ‘top cut’ later in the night. This character- 

istic should make it easy to elimi- 
nate the possibility that the cross- 
modulation effect is occurring in 
one’s own receiver, which would 
have the same ‘flat’ response as 
the originating audio. I believe 
that I can detect this effect by ear, 
but have some ideas for using the 
DSP with its stereo inputs to cor- 
relate the crossmod with the origi- 
nal broadcast. I am hoping it will 
be possible to obtain a number of 
useful measurements from this 
technique.” 

While my linking MDEs di- 
rectly with magnetic storms has 
to be retracted in view of G3PLX’s 

_ studies, it seems germane to note 
that Joseph Borovsky in ‘Still in 

the dark’ (Nature, 28 May, 1998, 

pp312-313) wrote: “After decades 

of research, our understanding of 
the aurora is disturbingly incom- 
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plete. One long-held belief, that aurorae are 
much more common following each peak in 
the 11-year solar cycle, has now been over- 
turned by Newell and colleagues, reporting on 
page 342 of this issue.” 

Patrick T Newell e¢ al introduced their re- 
port as follows: “The oldest documented rela- 
tionship between the number of sunspots (the 
solar cycle) and terrestrial effects is the in- 
creased frequency of aurorae in the period 
immediately after the solar maximum (the 
peak of the number of sunspots). This correla- 
tion is, however, based only on observations of 
the relatively rare events of ‘great aurorae’ 
which are those that reach mid-latitudes or 
lower. The overwhelming majority of intense 
aurorae, and therefore most of the energy put 
into the ionosphere, occurs at high latitudes, 
where aurorae appear nightly. . . We find that, 
contrary to expectations, the total number of 
intense aurorae is uncorrelated with solar ac- 


tivity in darkness, and is negatively correlated _ 


with solar activity in sunlit conditions. These 
findings imply a causal relationship between 
aurorae and ionospheric conductivity (the lat- 
ter is maximal at solar maximum) and there- 
fore indicate that the occurrence of intense 
aurorae is a discharge phenomenon, similar to 
lightning.” 


N1IR, ON HIS FRACTALS 

AN UNEXPECTED letter has arrived from 
Professor Nathan ‘Chip’ Cohen, N1IIR, who 
has done so much pioneering work on ‘fractal 
antennas’ (see 7T April and June, 1998), and 
whose attention had been drawn to the April 
item while in contact with G3BDQ. NIIR was 
using his 28MHz fractal quad-yagi antenna. 
He writes: “Given the sensational nature of the 
New Scientist |‘ Aerial Magic’ article, I thought 
TT did a very good job in presenting a sane 
perspective on this. . . There is, of course, no 
magic. But there are advantages when com- 
pared to other loading and/or band-broadening 
methods. The 4dBd dipole (Cohen dipole) 
mentioned, for example, is not for an electri- 
cally small antenna, but one that has a fractal 
stub at its centre, giving it echelon/colinear 
phasing. A Landstorfer dipole [see the June 
item] also shares this attribute, but is larger. I 
have found it convenient to look at meander 
and Landstorfer structures as the first ‘pass’ at 
a fractal. 

“The main advantage of the fractal is that it 
provides ultra wide bandwidth (UWB) capa- 
bilities at the higher frequencies, where the 
fractally bent wire (for example) is very large 
electrically. This is of limited interest to the 
ham community - emphasis on shrinkage seems 
to be the issue. Here the fractal gives a small 
antenna with very high efficiency. Naturally, 
this is at the expense of bandwidth, and the Q 
increases for the lowest resonance. Upper 
resonances are usually not harmonic, and often 
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merge from the ‘fractal loading’ effect. It is 
also noteworthy that the fractal generator and 
iteration allows one to ‘tune’ the antenna as 
desired, for multiband operation for instance. 

“Readers may wish to look at the web site 
www.fractenna.com In addition to the ham 
page, a ‘white paper’ should be posted in the 
New Year.” 


EARTHING UPSTAIRS 
TRANSCEIVERS 

FORMANY YEARS acommon problem when 
operating a rig from an upstairs shack was the 
tendency for the transmitter/ATU etc to be- 
come ‘hot’ to RF. This can lead to excessive 
coupling of RF into the mains wiring, or fin- 
ger-burns when adjusting metal controls, etc, 
as well as acting as a potential source of RFI. 
While this most commonly occurs when using 
voltage-fed long-wire antennas, it can occur 
with most types of antennas. A ‘real earth’ wire 
to an upstairs shack is of little assistance in 
curing this condition, since the earth lead will 
inevitably be long in terms of wavelength. 

However, in 1971, Dick Halls, G3EITW/ 
ON8KM., reported (77, December, 1971, p839) 
that he had often found himself operating from 
flats in various parts of the world where the 
only practical antenna was a long-wire strung 
out to a tree or other conveniently high point. 
In Singapore, as 9V1LK, he used a 500ft wire 
that proved highly effective, particularly on 
28MHz. But he had found, as many others 
have, that in such circumstances the earth lead 
on the transmitter and/or matching unit often 
has standing waves with a voltage point where 
‘earth’ should be. 

His solution was that instead of trying to 
connect a real earth, he substituted a quarter- 
wavelength of wire for the band in use, causing 
the RF hot-point to disappear along with the 
other problems, while the radiation and radia- 
tion patterns improved. For multiband opera- 
tion a series of wires can be left permanently 
connected as in Fig 9(a); alternatively, it is 
possible to have a series-tapped or variable 
inductor which changes when the ATU is 
switched. 

As a long-time user of long-wire antennas 
from upstairs shacks, I soon put G3EIW’s idea 
to practical test, and found it performed just as 
predicted. In effect, GZ3EIW’s technique of 
providing quarter-wave ‘counterpoises’ for 
each of the bands in use has virtually become 
standard practice. In my experience this not 
only eliminates ‘RF hot spots’ but also signifi- 
cantly increases RF radiation from multiband 
long-wire antennas, particularly when these 
are of random (not accurately resonant) length. 
Some amateurs have also found that RF hot 
spots can occur when feeding almost any an- 
tenna via unbalanced coax transmission lines, 
and the technique can be used to overcome all 
such problems. 


Pault Debono, 9H1FQ writes: “My shack is 
situated on the third floor of my house, so I 
have some difficulty in providing an effective 
ground for my shack. I have experienced lots 
of RF flying about inside my shack. One way 
of taming this RF is to ‘earth’ my TS850S 
transceiver with quarter-wave radials, cut to 
the various operating bands. However, there is 
the problem of the limited space available 
inside my shack, because the radials have to 
run in straight lines, otherwise their frequency 
will change. Finally I came up with the idea of 
using quarter-wave coaxial stubs, connected 
as rejector [acceptor? - G3VA] tuned circuits. 
These stubs can be coiled, bent, twisted, laid on 
the floor, or in free air. Any configuration 
seems possible without detuning, unlike con- 
ventional wire radials. In my case, the stubs are 
hidden away behind the desk. The stubs should 
be left open and are tuned to the centre fre- 
quency of the band using (for RG58) the for- 
mula 234/MHz x 0.66, to provide the approxi- 
mate length in feet, with final adjustments by 
GDO.” 

While I have no doubt that it is possible to 
use lengths of coaxial cable as the counterpoises 
with the braid providing an insulated ‘fat’ 
cable that can be coiled etc, I have strong 
reservations about the explanation and rough 
sketch (not shown) providéel by 9H1FQ. I do 
not see how the lengths of cable connected his 
way could really act as coaxial stubs, but seem 
to be similar to G3EIW’s wires, nor that the use 
of the velocity factor of RGS58 is justified. It 
seems to me that the outer braid of the cables 
are simply acting as fat wires rather than as 
stubs. In my experience, insulated wire 
counterpoises can be bent around without af- 
fecting results, since accurate resonating of 
these wires is not usually critical. Neverthe- 
less, 9H1FQ’s letter is a useful reminder that 
this technique can be extremely useful in those 
situations where a truly effective RF earth 
cannot be provided. 4 
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Fig 9: (a) Series of quarter-wavelengths of wire 
used to produce artificial earth for a multiband long 
wire antenna, for use in an upstairs shack. (b) It is 
possible to load the counterpoise wires using a 
tapped inductor with single wire. 
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SMALL LOOP TRANSMITTING 
‘MAGNETIC’ ANTENNAS 

IT IS NOW a year since 7T reported the view 
expressed by Professor Mike Underhill, 
G3LHZ, and M J Blewitt, G4VRN, at the IEE 
1997 conference on ‘HF radio systems and 
techniques’ that a “small folded dipole mode 
was usually the dominant mode”. This repre- 
sented a serious attempt to reconcile the anec- 
dotal evidence that the performance of these 
small loop antennas appeared better than sug- 
gested by conventional theory (for example, as 
investigated by Tony Henk, G4XVF, in 1991). 
See Fig 1 for various methods of matching 
small loops to 50Q cable. 

These views attracted mostly adverse com- 
ment from a number of readers, with ripostes 
from G3LHZ. I would like to report that this 
controversy has been settled one way or an- 
other; however, both sides continue to stick to 
their original opinions, presenting additional 
evidence. The matter is far from settled, though 
tending to move into exotic areas that have 
only limited bearing on the practical use of 
small mag-loop antennas by amateurs. 

However, in some respects, both factions 
are coming to agree on certain aspects. There 
is convincing evidence that significant dipole- 
mode radiation does occur, increasing as the 
circumference of the loop approaches a quar- 
ter-wave, though it seems unlikely that in prac- 
tice this is the dominant mode claimed by 
G3LHZ. There is also evidence that this di- 
pole-mode radiation is taken into account in 
the NEC ‘Method of Moments’ software. The 
work at the University of Surrey also shows 
that Q factor made by measuring the band- 
width is significantly affected by coupling into 
the environment, ie by creating eddy currents 
in nearby structures. 

From the viewpoint of the user, the eddy 
current losses account quite significantly for 
the differences in efficiency of the antenna 
calculated from RF-resistance losses in the 
437 Dovercourt Road, London SE228SS. =~ 
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loop and the overall radiation efficiency of the 
antenna. The eddy current losses contribute to 
the radiation resistance, thus, to some extent, 
they account for the relatively low heating of 
the loop as found by G4VRN and other users. 
Measurements made by G4VRN suggest at 
least 30% of the total radiated power may be 
absorbed by the environment and then either 
dissipated as losses, or re-radiated, causing 
distortion of the tuned loop antenna pattern. It 
would thus seem that the siting of a small loop 
antenna affects it performance and that it is 
wrong, as sometimes stated, that this is little 
affected by height and surrounding structures. 
It does not however invalidate G4X VF’s find- 
ing that the effective overall radiation effi- 
ciency of a small loop, as found from far-field 
measurements, is relatively low (usually under 
10%) compared with a dipole at a reasonable 
height. 

The most significant new contribution to the 
debate comes from John Crabtree, writing from 
South Edina, MN, USA _ (e-mail: 
crabtreejr@aol.com). Here I quote briefly from 
his letter: 

“I have read the item on the loop antenna 
debate with interest, and offer another per- 
spective on the central issue, whether or not 
significant dipole radiation from a tuned loop 
is fact or fiction. 

“The different current modes in loops have 
been extensively analysed in ‘Antennas and 
Waves: A Modern Approach’ by Prof Ronold 
W P King and Charles W Harrison jr, MIT 
Press, about 1969. Chapter 9 on ‘The Loop 
Antenna: Currents, Impedances, Fields’ in- 
cludes a section ‘The Small Loop: Electro- 
magnetic Field’ (pp577-581) which is particu- 
larly relevant. [Those seeking to consult this 
erudite book must be warned that it is highly 
mathematical, virtually double-Dutch to me, 
and I depend below on John Crabtree’s inter- 
pretation - G3VA.] 

“The section starts with the comment ‘In 
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numerous applications the loop antenna is elec- 
trically quite small... However, itis not always 
true - as often assumed - that all higher-mode 
currents may be neglected.’ King goes on to 
develop a model of the parallel loop imped- 
ances for the loop and dipole modes (page 
581). 

“On page 578 King shows a graph of the 
ratio of the amplitude of the far field of a 
circular loop maintained by currents in the 
dipole mode to that maintained by currents in 
the circulating mode. The graph is approxi- 
mately linear, with the maximum amplitude of 
the fields being the same when the loop cir- 
cumferences/wavelength is approximately 0.4. 
I conclude that there can be significant dipole 
mode radiation from a small loop.” 

John Crabtree also shows that King makes it 
clear that the dipole mode plays a significant 
(but not dominant) role in the moderately small 
loop. He also draws attention to ‘A note on the 
radiation resistance of loop antennas with short 
circumferences’ by Peter Bertram, DJ2ZS 
(Communications Quarterly, Summer 1997, 
pp99-100). DJ2ZS modelled a loop antenna 
using EZNEC and obtained results in very 
good agreement with those of King. . . I con- 
clude, rightly or wrongly, that NEC takes 
imbalanced currents into account. This is a 
point disputed by G3LHZ, who believes that 
NEC fails to predict the tuned loop correctly.” 

Alan Boswell, G3NOQ, a professional an- 
tenna engineer, has also confirmed by NEC 
that out-of-balance loop currents do exist when 
an AMA-3 loop is simulated and give dipole 
mode radiation from a tuned loop. His results 
indicate that the dipole mode becomes weaker 
than the loop mode by -6db per octave as the 
frequency is lowered below 40MHz. Even at 
40MHz the dipole mode is not the dominant 
mode, despite the more favourable circumfer- 
ence/wavelength ratio. G3NOQ agrees with 
G3LHZ that the losses associated with loop 
antennas are largely the result of eddy currents 
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Fig 1: Methods of matching a tuned single-turn transmitting or receiving mag-loop antenna to 50 cable, as described in 1983 by DL2FA, whose work inspired 


the AMA range of loop antennas. 
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Fig 2: Radiation resistance of small loop antennas (assuming loss-less 
conductors) as calculated by DJ2ZS: Theory vs. Method of Moments. 


in objects near the loop, and that the Q cannot 
be predicted by merely using the RF resistance 
of the conductor as the loss resistance in the 
equivalent circuit. DJ2ZS accepts that a mag-_ 
loop antenna works slightly better than pre- 
dicted from the basic formulae that take no 
account of displacement currents: Fig 2. 

John Crabtree concludes that there is sig- 
nificant dipole radiation from small loops, but 
is sceptical of G3LHZ’s claim that on any 
tuneable frequency the dominant mode is that 
of a small folded dipole. 

All this points to the validity of G4XVF’s 
1991 finding, supported by his far-field meas- 
urements, that the total effective radiation effi- 
ciency of small loops is very low (usually 
under 10%) and that the good results achieved 
by many users only underline the tolerance on 
HF of antennas with low overall efficiency. 
Tolerance to low efficiency is strained when 
using very low power. As many enthusiasts 
have found, QRP performs well with a good 
dipole, as can a mag-loop with reasonable 
transmitter power. A loop cannot be recom- 
mended for QRP unless made mandatory by 
space considerations, etc. 

It should be appreciated that there is a limit 
to the space that can be devoted to this subject 
in 7T, and that the above notes represents only 
a small portion of the comments received. 


ANTENNAS & COMPUTERS 
BRIAN CLOWES, GW4HBZ, is one of the 
many who feel that progress and modernisa- 
tion have much to answer for. He writes: “We 
know that not many amateurs build equipment 
these days, but I feel things are getting worse 
when I see computer-controlled ATUs adver- 
tised. Surely an amateur should be able to tune 
an ATU? Over reliance on computers cannot 
be healthy, as now being found in schools 
where pupils often can’t do simple arithmetic 
or even make rough estimates in their heads. 
“Computers are fantastic tools if used with 
common sense, but I see articles where gains or 
losses are expressed to 0.01dB when 0.5dB is 
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‘Our computer has 
calculated the fig- 
ure’. They had made 
no attempt to actu- 
ally measure the 
gain.” 

It is, however, necessary to recognise that 
properly used current antenna-modelling pro- 
grams such as NEC-4 etc can provide realistic 
and acceptable performance figures, without 
the use of a professional antenna test range. 
ARRL, which, for 35 years, refused to allow 
antenna manufacturers to claim performance 
figures in OST and other ARRL advertise- 
ments, in 1998 reversed this policy and now 
permit these to be claimed, provided that the 
advertiser submits to the ARRL Laboratory 
their antenna computer models and the ad itself 
for checking before the claims can be pub- 
lished. The former ban covered forward gain, 
front-to-back ratio and radiation patterns. 
Claims made in catalogues, brochures and 
non-ARRL periodicals or by salesmen are, 
unfortunately, not subject to such rigorous 
validation and may need to be viewed with a 
degree of scepticism, depending on the reputa- 
tion of the firm concerned! 


N7VE'’s QUADRATURE MIXER/ 
PRODUCT DETECTOR 

DURING 1998, the successive efforts of Gian 
Moda, I7SWX, Bill Carver, W7AAZ, and Colin 
Horrabin, G3SBI (7T, July, August and Sep- 
tember, 1998) demonstrated the exceptional 
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performance of the new generation of fast bus 
switches such as the FST3125 when used as H- 
mode front end mixers. 

Now, from across the Atlantic, (via G3SBI) 
comes information on how these devices can 
be used as improved quadrature product detec- 
tors in high performance direct conversion 
receivers and the like. 

In November 1998, Steven Weber, KDIJV, 
e-mailed G3SBI with information on a new 
switched quad-FET product detector (Tayloe 
mixer) developed by Dan Tayloe, N7VE, us- 
ing the 74CBT3253 (similar to Fairchild 
FST3253 or Pericom PI5C3253 devices). 
KDIJV has tested the Tayloe mixer as a 
quadrature-type product detector in connec- 
tion with the ‘R2’ image rejecting DC receiver 
designed originally by Rick Campbell, KK7B 
(OST, January 1993 and subsequently in vari- 
ous editions of The ARRL Handbook (1996 
edition, pp17.72 -79)): block diagram Fig 3. 
G3SBI outlined how he felt the 3253 could be 
used in this application (Fig 4), but also got in 
touch with N7VE who was then currently 
putting the final touches to a 3.5/7MHz dual 
band CW transceiver using the new product 
detector. N7VE replied: “Iam very excited, as 
the rig is working very well. | am currently 
measuring -136dBm MDS sensitivity 
(signal+noise 3dB greater than noise). I can 
just hear my generator at about -146dBm. This 
is much better than a stock R2 receiver and is 
even better than my NE602 type superhet 
receivers.” 

As KD1JV puts it: “The 3253 switch of the 
quad FET product detector is a high speed 
addressable one-of-four multiplexer (MUX) 
clocked by the QO and Q1 outputs of a binary 
counter (74ACT161 in my case) at a times- 
four receive frequency rate. RF input is through 
a 50Q resistor to the switch common (the gate 
needs to be biased at one half Vcc also). The 
outputs are in the form of 0.22uF metal film 
capacitors. This results in a four phase audio 
output: 0, 90, 180 and 270°. The 0, 180 and the 
90, 270° phase outputs are summed with a 
differential amplifier to give I and Q outputs. I 
am using Burr-Brown INA103 instrumenta- 
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Fig 8: Block outline of the R2 direct conversion receiver, as described in the 1996 ARRL Handbook. 
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Fig 4: G3SBI’s simplified form (not tested) of a 3253 used as a product detector. Note that the oscillator 


input is at four times the signal frequency. 


tion amplifiers, which have very low noise and 
low third harmonic distortion (THD). This 
simplifies this part of the circuit significantly. 

“The third order intermodulation product 
(IP3) is of the order of +30dBm and the mini- 
mum detectable signal is as good as the follow- 
ing audio amplifier permits. The maximum RF 
signal input to this product detector is limited 
mainly by the point at which the post mixer 
audio amplifier saturates. 

“One interesting feature is that this detector 
is virtually immune to signals outside its band- 
width.” G3SBI adds that as normal with an I, Q 
single sideband (image rejecting) receiver, a 
wideband audio phase network is used to pro- 
vide upper or lower sideband reception. Oppo- 
site sideband rejection depends on the precise 
tolerances of the components in the phase shift 
network, but is typically of the order of 45dB 
suppression with the network described for the 
R2 receiver. A particularly useful characteris- 
tic of the system as implemented by Steve 
Weber with the Burr Brown Instrumentation 
op-amps type INA103 is the absence of the 
hum problem that is recognised as one of the 
main problems with high performance direct 
conversion receivers. 

Fairchild describe their surface mounted 
FST3253 as follows: “The Fairchild Switch is 
a dual 4:1 high-speed CMOS TTL-compatible 
multiplexer/demultiplexer bus switch. The low 
on-resistance of the switch allows inputs to be 
connected to outputs without adding propaga- 
tion delay or generating additional ground- 
bounce noise. It features: 4Q switch connec- 
tion between two ports; minimal propagation 
delay through the switch; low Icc; zero bounce 
in flow-through mode; control inputs compat- 
ible with TTL level; available in SOIUC and 
TSSOP packaging.” 

As noted above, G3SBI provides a simpli- 
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fied circuit diagram (Fig 4) of this detector (not 
at that time tested). The complete Tayloe de- 
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tector as implemented by KD1JV is shown in 
Fig 5. Although the DC receiver tends to be 
thought of as a cheap and cheerful form of 
receiver for QRP rigs, it should always be 
remembered that the first published mention of 
a two-phase (synchronous) direct conversion 
receiver was that of the AN/FRR-48 (XW1) by 
John P Costas, W2CRR, in the classic SSB 
issue of Proc IRE, December 1956. The ex- 
perimental AN/FRR-48 was a complex two- 
phase synchronous valve receiver with elabo- 
rate frequency synthesiser and phase lock loop 
demodulator, designed to more than complete 
with the best superhet designs of the era. As we 
have noted before, the idea of a high perform- 
ance image-rejecting receiver is not anew one 
- it just happens that relatively few people have 
ever taken it seriously, leaving plenty of room 
for further experimental work. 

An alternative approach to improving the 
R2 image-rejecting direct conversion receiver 
has been described by Rob Frohne, KL7NA, 
(‘A High-Performance, Single-Signal, Direct 
Conversion Receiver with DSP Filtering’ OST, 
April 1998, pp40-45). KL7NA added a DSP 
demodulator based on a Motorola 
DSP56002EVM evaluation board. While this 
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Fig 5: The Tayloe product detector, as devised by KD1JV. 
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approach is shown to be capable of providing 
much improved selectivity (1.1:1 shape factor, 
compared with 1.6:1 in the original R2 design), 
the blocking dynamic range and the IMD dy- 
namic range are reduced, and the sideband 
rejection only much the same as can be achieved 
with the Tayloe detector/R2 approach. 


CLASSIC VALVE RECEIVERS 
I WOULD LIKE to express my profound thanks 
to the dozen or so readers who responded to my 
request (December 77) for information on the 
Marconi CR150 receiver. In particular to GMM 
Townsend, G3LSX, of Eltham, who not only 
phoned me on the day of publication but then 
promptly brought round and presented me 
with a copy of the original Marconi manual 
(covering the standard receiver plus the addi- 
tional units when used in a triple diversity 
application) - an outstanding example of still 
existent Ham Spirit! 

The CR150, although part of the family of 
designs (developed largely by Dr George 


Grisdale, GSGZ) that includes the well-known - 


CR100 (Navy B28) series is of radically differ- 
ent design, covering 2 to 60MHz in five bands, 
as a double superhet with two stages of 465kHz 
crystal bandpass filters (four crystals). Al- 
though of limited sensitivity on the unusual 
high band of 30 to 60MHz, it is still an excel- 
lent HF communications receiver below 
30MHz. Gerald Stancey, G3MCK, points out 
that GSGZ wrote a most informative article on 
‘The Marconi CR Series of Receivers’ in Ra- 
dio Bygones (No 31, October/November 1994). 

G3LSX told me that when he had first tried 
a few years ago to dispose of his own CR150 by 
offering it to any young member of his local 
club, there had been no takers. This seems to be 
a not unusual response among newcomers to 
our hobby. Too often their HF ambition ap- 
pears to be limited to acquiring a modern 
‘black box’ solid-state transceiver, scorning 
all the many classic valved designs of the pre- 
1970 decades when often good designs be- 
came so well established that they continued in 
production for 20 years or so, unlike the mod- 
ern marketing technique of introducing a new 
model every couple of years. I suppose all old 
timers could draw up a list of the receivers they 
once owned or, more often, hankered after. 
Often these included American sets such as the 
National HRO, RCA AR88, Collins 75A4 and 
some of their professional models, some 
Hallicrafters, some Hammarlund, etc, or- from 
this side of the Atlantic - some Eddystone 
models, the Racal RA17 and the Marconi CR 
series. 

An interesting item of historical nostalgia 
appears in OST, November, 1998, pp47-49 
(‘Zenith’s ‘One-and-Only’ Ham Receiver’ by 
Joel Thurtell, K8PSV). This describes how 
Zenith, one of the USA’s major radio and 
television manufacturers, entered but then with- 
drew from the amateur radio market. In 1952 
the small independent firm of Central Elec- 
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tronics (Walter Schum, W9DYV, and Joe Bach- 
elor, W4EGK, as chief engineer) introduced 
the low power Model 10A - one of the first 
SSSC (single sideband suppressed carrier, ie 
SSB) transmitters. By 1958 Central had devel- 
oped the 100V and then the 200V models, but 
needed funds to expand to meet the growing 
demand. A merger with Zenith left the major 
firm in control, but keen to fund the production 
of amateur equipment. Schum and Bachelor 
had long wished to develop a top grade re- 
ceiver to match their SSB equipment and per- 
suaded Bill Van Slyck, W9EMB, Zenith’s 
head of special products, that a demand ex- 
isted. W9EMB assigned the project to some of 
his top engineers, including Jim Clark who had 
previously been with Hallicrafters, telling them 
to develop “the best receiver ever built, with an 
emphasis on single sideband”. 

By 1960, a prototype Model 100-R existed. 
It covered the pre-WARC ham bands only 
from 1.8 to 30MHz as a permeability tuned 
double superhet with a 50kHz second IF, 
achieving three degrees of selectivity for AM, 
two each for USB and LSB, and one for CW. 
It included a special bifilar compressor devel- 
oped by Joe Bachelor, which was an RF- 
derived AGC system. This, it was claimed, 
made the front end virtually immune to strong 
signal overload. It was planned to produce five 
more prototypes and then begin marketing the 
receiver in 1962, but before then a new presi- 
dent at Zenith decided amateur radio was not 
right for his major corporation. Late in 1961 he 
ordered the closure of Central Electronics. 
Everything from design plans to sales receipts 
went to the trash bins, as did the components 
for the planned five 100-R prototypes. The 
lone 100-R receiver vanished for over 35 years. 
Then, in September 1997, Bill Van Slyck re- 
vealed that he had bought the 100-R, a match- 
ing speaker and a 100-V transmitter during the 
closure of Central Electronics and all three 
units had remained unused in his basement! 

They were acquired by Joel Thurfell, K8PSV, 
but after playing with them and photographing 
them in his shack he has sent them on loan to 
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Fig 6: The percentage of days that 50MHz 
propagation was observed from New England, USA 
and Western Europe during November to February 
1988-89, 89-90 and 90-91, plotted against the solar 
flux level. 


Wes Schum, the founder of Central Electron- 
ics, who now has them on show at what he calls 
his ‘Central Electronics headquarters’, where 
he is comparing the performance of the one- 
and-only 100-R with the Collins 75A-4, the 
leading amateur bands receiver at the time the 
100-R was conceived. 

A somewhat similar happening in the UK 
was when, in the 1960s, the independent firm 
of Electroniques, which specialised in coils 
and other components for the amateur radio 
market, was acquired by the mighty STC. STC 
announced that it was making a major entry 
into the hobby market. Alas, within a few 
years, it withdrew and we lost a most useful 
source of components. 

It sometimes puzzles me that many collec- 
tors seem far more interested in the rather 
mundane ranges of valved domestic broad- 
cast receivers, notable more for their cabinet 
designs than their performance. The enor- 
mous contribution of valved communications 
receivers to radio seems often to be over- 
looked, yet many of the classic models still 
stand up well alongside the latest solid state 
designs. One firm that does cherish a sense of 
its history is Eddystone, both as a brand name 
of Stratton & Co for 40 years and then since 
the mid-1960s as Eddystone Radio Ltd (a 
member of the GEC-Marconi group). The 
firm has continued to suppgrt the Eddystone 
User Group Newsletter, a non-profit newslet- 
ter for Eddystone users, edited by Ted Moore 
(details from Eddystone User Group, c/o 
Graeme Wormald, G3GGL, 15 Sabrina Drive, 
Bewdley, Worcestershire, DY12 2RJ, Tel: 
012399 403372). During 1998 this always 
informative and interesting newsletter passed 
its 50th issue. 

Sadly, since writing these notes, it has been 
announced that Eddystone Radio Ltd is due to 
close shortly (but EUG will continue). 


50MHZ TROPO 

WHEN, IN 1985, the then UK licensing au- 
thority - the Department of Trade and Indus- 
try - accepted the recommendation of the 
Merriman independent advisory panel that 
the band 50 - 50.5MHz should be allocated to 
British radio amateurs, I noted in TT (Septem- 
ber 1985 and subsequently Technical Topics 
Scrapbook, 1985-89, p50) that this band rep- 
resents a most valuable and in many ways 
unique acquisition. I stressed the possibilities 
offered by the following 50MHz propagation 
modes: 

®@ World-wide F2 ionospheric propagation in 
daylight at periods of very high sunspot actiy- 
ity (best determined from the daily solar flux 
number), with occasional, though possibly 
rare, openings towards the south in most phases 
of the cycle. 

@ Transequatorial and field-aligned F2 propa- 
gation (TE) in the evenings, even though the 
UK is often considered too far north for this to 
be at all common. 
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Fig 7: Results achieved during the initial 50MHz propagation tests between G4IFX and G2AHU during 
weekends and holiday periods between 17 November 1995 and 7 January 1996. The minimum number of 
tests on each hour was 14 and the maximum 21. The reliability shows the number of times a signal was 
received divided by the number of valid tests expressed as a percentage, and the signal strength as the 


average of the signal strengths when heard. 


@ Jonospheric scatter modes (with extremely 
high effective radiated power) which might 
provide reliable 24-hour communication over 
distances of from 500 to 2000km. 

@ Almost the optimum frequency for spo- 
radic-E and meteor burst communications. 
@ Reasonable for auroral propagation. 

@ Some degree of tropospheric bending, 
ducting and tropospheric scatter modes, 
though less pronounced than at 144MHz and 
above. 

@ Significantly better local propagation over 
hills and down into valleys than at 144MHz. 

In effect, 5|OMHz rather than 30MHz repre- 
sents the real transition between HF and VHF 
propagation, supporting at times the modes of 
both, although this may not have been obvi- 
ous during the recent minimum phase of the 
sunspot cycle, now safely behind us. I note 
from my daily logging of the DKOWCY bea- 
con (see TT, March 1998) that the solar flux 
number has since 12 August 1998 been occa- 
sionally exceeding 150 and even reached 175 
in early September. Emil Pocock, W3EP, in 
his regular OST ‘The World Above 50MHz’ 
feature noted in the November 1998 issue: 
“By early September the solar flux had ex- 
ceeded 150 for more than a week, an encour- 
aging sign that world-wide 50MHz propaga- 
tion may be possible as early as this fall - 
perhaps as you read this column.” W3EP 
reproduced Fig 6 from his article ‘Predicting 
Transatlantic SOMHz F-layer 
Propagation’ (OST, March 1993, 
pp32-34) showing that with the 
solar flux exceeding about 170, 
transatlantic contacts were made 
on about 20 per cent of days 
during November to February in 
1989-90 and 1990-91. 

But it should be stressed that 
F2 DX is only one aspect of 
50MHz propagation that de- 
serves investigation and exploi- 
tation. In February 1996, Ray 
Cracknell, G2AHU, who as 
ZE2JV did so much to investi- 
gate and unravel the mysteries of 
transequatorial propagation 
(TEP), sent me some prelimi- Committee. 
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nary results he was achieving in co-operation 
with Chris Deacon, G4IFX. G2AHU had been 
regularly monitoring G4IFX’s S5OMHz sig- 
nals over the 290km path between Darlington, 
Co Durham and G2AHU’s QTH at Yarpole in 
northern Herefordshire during weekends and 
the Christmas holidays from 17 November 
and 7 January 1996. These initial tests pre- 
ceded the issuing by the Radio Authority of a 
special beacon licence and had to be limited to 
times when G4IFX was at his home QTH. One 
result was an early publication on Internet 
pph@dc.dk of an item by P Preben-Hansen, 
OZI1RH ‘Troposcatter at SOMHz: 700km 
QSOs at any time’ in which it was asserted 
that “Troposcatter is always there, 365 days 
and nights a year”. G2AHU and his collabora- 
tors felt that this was an over-estimation of the 
actual situation insofar as it related to amateur 
signals and were by no means convinced that 
the mode of propagation that they were inves- 
tigating was due to troposcatter. An important 
finding of even these early tests was that the 
reliability of the path was significantly higher 
during daylight hours than at night, indicative 
of tropospheric refraction rather than scatter. 
Fig 7 was prepared to illustrate the initial tests 
conducted between 12 November 1995 and 7 
January 1996. 

The issue of the 24-hour GB3SIX beacon 
licence in the summer of 1996 facilitated a 
more detailed investigation which com- 
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Fig 8: A comparison of daily average signal strengths at G4RFR and G2AHU during 
April 1997, from the detailed report prepared for the RSGB Propagation Studies 
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menced on 50.275MHz on 3 August 1996, 
and continued uninterrupted until 30 Sep- 
tember 1997, this time including also 418km 
and 420km paths to Wimborne, Dorset (Ian 
Brotherton, G2BDV, at his home QTH, and 
also at the HQ of the Flight Refuelling 
Amateur Radio Society, G4RFR). The 
GB3SIX beacon comprised a Kenwood 
TS-690S transceiver sending automatic 
computer-generated Morse (A1B) and 
putting 30 watts into an antenna consisting 
of two stacked six-element Yagi antennas 
20m above ground beaming due south. A 
detailed 30-page report ‘An Investigation 
into Tropospheric Propagation at SOMHz’, 
dated 11 September 1998 and prepared by 
G2AHU, G4IFX and G2BDV, has been sub- 
mitted to the RSGB Propagation Studies 
Committee. The Report includes a hypoth- 
esis as a basis for further work into a propa- 
gation mode that has not previously been 
adequately explained. One of the many il- 
lustrations in this interesting Report, pro- 
vides a comparison of daily average signal 
strength at G4SFR (420km path) and at 
G2AHU (264km path) during April 1997: 
Fig 8. 

It is not intended here to forestall publica- 
tion of this valuable Report, other than to note 
that their hypothesis is that the results do not 
point to troposcatter but rather to normal 
tropospheric propagation at SOMHz and that 
this takes place largely through the refractive 
index changes occasioned by rising moisture- 
vapour-laden thermals, adding “Since we 
postulate a moving target, the first task will be 
to measure any Doppler shift and the varying 
height from which refraction takes place. Tech- 
niques to perform these tasks are now avail- 
able, and we hope to be able to do so ourselves 
or for others to undertake them.” 

I seem to recall that earlier work indicates 
tropospheric effects have sometimes been 
observed on 28MHz signals and even on 
3.5MHz signals over sea paths. 


HERE & THERE 

The October 1998 7T noted that research into 
magnetic storms had been set 
back by the failure of the SOHO 
satellite last June. Happily the 
cause has since been traced and 
rectified by the combined ef- 
forts of the NASA and ESA 
teams working in co-operation 
with the satellite manufactur- 
ers Matra Marconi Space. The 
problem arose when a string of 
management errors led to the 
satellite’s solar panels turning 
away from the sun and draining 
nearly all the-power from the 
batteries. The management 
team has been changed and now 
all 12 instruments are working 
again. + 


Strengths 
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THE SLOW DYING SPARK 

IN INTRODUCING the November 7T item 
on the continued importance of thermionic 
valves, I recalled hearing an SOS from an 
Egyptian vessel that struck a mine in 1940. I 
pointed out that spark transmission, at least 
for emergency purposes, continued in use in 
the maritime radio service until after the end 
of WW2. This reminded a former Radio 
Officer, Alan Wake, G3GIB that he may well 
have been the very last British operator to 
have used a spark transmitter to send a com- 
mercial radiotelegram. He writes: 

“T may well be among the last, if not the 
last, British telegraphist to use a spark trans- 
mitter in commercial service. Towards the 
end of 1951, I was the Radio Officer in a ship 
anchored off Galveston, Texas with the ship’s 
generators shut down to allow the Engineers 
to clean the main switchboard. The Master 
asked whether I could send a telegram to the 


agents ashore. I replied that I could by using - 


the emergency spark transmitter which ran off 
24V batteries, which also powered the re- 
ceiver. I called the local coast station on 
500kHz (600 metres) on spark. The coast 
station operator told me to change to the 
working frequency to send the QTC. I replied 
that the emergency transmitter could not 
change frequency, and sought permission to 
send the message on 500kHz, although this 
was against the rules. Somewhat reluctantly, 
the station operator agreed, and the telegram 
was duly sent and acknowledged. Only after- 
wards did it occur to me that I could have said 
that I would change to 480kHz and then car- 
ried on. The spread of the spark emergency 
transmitter was so broad that it would have 
been readily heard by the operator 20kHz off 
tune! 

“The emergency transmitter was 


by Pat Hawker, G3VA* 


held in Washington DC, a proposal was made 
to abolish immediately the use of all spark sets 
on ships but this was successfully opposed by 
representatives of Marconi Marine supported 
by the British Chamber of Shipping. A com- 
promise was reached by which the period for 
the elimination of spark was extended to the 
end of 1939, a stay of 12 years, and then 
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Fig 1. Marconi quarter-kilowatt quenched-gap spark 
marine transmitter probably similar to the one on 
which G3GIB may have been the last British operator 
to have sent the last commercial (non-emergency) 
telegram in 1951 on 600 metres. C capacitor, G 
spark gap, Linductance, S switch and T transformer. 


applied only to sets with a power of 300W and 
above. Even this was overtaken by the events 
of 1939: “hence your Egyptian ship sending 
SOS on spark in 1940; and my message in 
1951, 24 years after the proposal to abolish 
“spark sets’ immediately!” 

Although G3GIB does not mention it, 
the failure to abolish spark in 1926 had one 
long-lasting and important outcome in the 
UK. The severe interference suffered by broad- 


the standard pre-WW2 Marconi 
quarter-kilowatt quenched gap ~ 
model, housed in a wooden box 
with the front held on by four clips: 
Fig 1. The operating procedure.was | 
to remove the front of the case, 
mainly so that one could read the ~ 
antenna current but also so that one 
could enjoy the amazing smell of 
ozone given off by the gap! The 
Galveston message was the only 
occasion that I ever used the spark 
transmitter other than regularly test- 
ing it.” 

G3GIB recalls that even in 1926 
questions were being asked in the 
House of Commons about the con- 
tinued use of spark by ships which 
were Causing severe interference to 
broadcast listeners in coastal areas. 
The following year at the Interna- 
tional Radiotelegraph Conference, 
"37 Dovercourt Road, London SE22 8S. 
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Fig 2. Circuit diagram of the Marconi 290-watt quench gap set, type 369. The 
transmitter working on full power consumes less than 300 watts measured 
at the input of the supply transformer and was thus designed to be within 
the limitations laid down by the 1927 Washington Convention intended to 
be brought into force in 1939 but postponed due to WW2. This equipment 
could work on 220, 600, 705 and 800 metres for use on trawlers and small 
craft. 600, 705 and 800 metres could be used on cargo vessels. Capacitor 
C was inverted when the antenna capacitance exceeded 500pF. 


cast listeners in coastal areas led to the setting 
up of the first wired-wireless (Rediffusion) 
systems using twisted pairs in a few towns 
such as Southampton, so founding an industry 
that survives today in the form of broadband 
cable and optical fibre TV systems. 

An earlier reference in 1994 to spark trans- 
mission brought a long and interesting letter 
from another former sea-going Radio Officer 
- Gordon Brown, G3F VW - who recalled that 
the first spark transmitter he ever saw was 
when as a young teenager he was taken to the 
North Eastern School of Wireless Telegra- 
phy. He was to attend this a couple of years 
later when the imminence of war caused the 
Government to order the Training Schools to 
concentrate on the wartime ‘Special’ certifi- 
cates, to meet the expected demand for many 
more Radio Officers and intercept operators 
(during early voyages G3FVW studied for 
and obtained his 2nd class PMG Certificate). 
The 1937 NESWT installation comprised a 
working mock-up of a ship’s radio cabin with 
a 500W valve transmitter and a Marconi type 
550 emergency quenched-spark set rated at 
290-watts: Fig 2. Later he asked why such an 
odd power rating as 290 watts, and was told 
that this was to meet the 300-watt limit in- 
tended to be implemented ip 1939! 

G3FVW describes the equipment carried 
on the various ships on which he sailed during 
WW2. Like G3GIB he came across the Mar- 
coni quarter-kilowatt quenched spark emer- 
gency transmitter. Illustrations of both the 
250W and the 290W quenched-spark sets 
appeared in that one-time “Radio Officers’ 
Bible” - H M Dowsett’s Handbook of Techni- 
cal Instruction for Wireless Telegraphists. 


200 YEARS OF BATTERIES 
IF 1998 MARKED “A Century of 
Amateur Radio” then without 
doubt we should be hailing 1999 
as the bi-centennary of that key 
development: the first electrical 
battery. A historic invention that 
marked the entry into the world of 
current electricity as opposed to 
static electricity, leading inevita- 
bly to all the later discoveries of 
Faraday, Maxwell, Hertz, Lodge, 
Marconi and the radio and elec- 
tronics age. As a discovery the 
battery was an outstanding exam- 
ple of scientific lateral thinking. 
As noted by Hellbron and 
Bynum in Nature (7 January, 
1999) it was in 1799 that 
Alessandro Volta first showed 
that dissimilar metals in salt 
water can generate an electric 
current, so making this scien- 
tific anniversary-of-the-year. He 
was following up the odd dis- 
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covery by Luigi 
Galvani that a 
freshly dissected 
frog could be made 
to kick by connect- 
ing a leg nerve to its 
corresponding mus- 
cle. The oddity was 
that the connector had 
to consist of two dif- 
ferent sorts of metal 


Zinc electrode 


Metal negative terminal 


TET Sitver coins 


2a Zinc discs 


Card soaked in 
salt water 


Separator 


can drive far without 
refuelling and as fre- 
quently promising 
that things will get 
better any year now, 
as soon as the latest 
advance in batteries 
reaches maturity. As 
the search goes on for 
new electrochemical 


joined together in se- 
ries. Galvani wrongly 
deduced that the kick 
was caused by a spe- 
cial sort of ‘animal 
electricity’ stored in 
the frog’s muscles much as static electricity 
could be generated in a machine and stored in 
Leyden jars. As a result, he began carefully 
to investigate the anatomy of the frog. 

Volta however zeroed in on the bimetallic 
conductor, and came to realise that the key to 
the mysterious kick must lie in the need to use 
dissimilar conducting materials. This hypoth- 
esis was strongly refuted by Galvani with the 
result that to uphold his idea, Volta needed to 
eliminate the frog as the source and detector 
of ‘animal electricity’. He refined the exist- 
ing measuring devices (some of which he had 
developed). Then he multiplied the effect of 
the dissimilar metals by taking dozens of 
silver coins and an equal number of zinc 
discs, putting them together in pairs, and 
stacking the pairs with bits of card soaked in 
salt water between them: Fig 3(a). Thus was 
the battery evolved, providing for tirst time a 
practical source of current electricity.. Volta’s 
name is rightfully honoured in our designa- 
tion of electrical potential in terms of “volts”. 
Modern silver-zine cells are still used in the 
form of button cells (Fig 3(b)) but with potas- 
sium-hydroxide rather than sea water as the 
electrolyte. Such cells have a potential of 
1.5V, with double the capacity of equivalent- 
sized nickel-cadmium cells. They are how- 
ever too costly for general use. 

In the 200 years since Volta’s first battery, 
many combinations of metals have been de- 
veloped but the basic principles have re- 
mained essentially unchanged. Batteries, 
mostly of the rechargeable lead-acid and dis- 
posable carbon-zinc varieties, were for many 
decades considered a mature technology, ca- 
pable of detailed refinements and improve- 
ments but offering few opportunities for radi- 
cal innovation. The coming of personal mo- 
bile phones, laptop computers and above all 
the search for “electric cars” that could com- 
pete with petrol-fuelled vehicles have caused 
battery technologists to become once-again 
leading-edge scientists. Lithium-ion, nickle- 
metal hydride and the difficult “fuel-cell” are 
now firmly in the frame, with even the once- 
considered out-moded zinc-air cell being 
given a good going over. For amateurs the 
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Fig 3. 1999 -Bicentenary of the battery. (a) The original form of Alessandro Volta’s 1799 battery when he 
showed that dissimilar metals in salt water generate an electric current by taking silver coins and an equal 
number of zinc discs, putting them together in pairs with bits of card soaked in salt water between them. 
(b) Modern form of a silver-zinc button cell. 


“1 2-volt car battery” (13.8V fully charged) has 
become a major source of power for the all- 
solid-state amateur transceiver whether used 
mobile, portable or in the shack. 

A special report “The great battery search’ 
by Gary L Hunt of the Idaho National Engi- 
neering and Environmental Laboratory EEE 
Spectrum, November 1998) stresses that bat- 
teries are still the main stumbling block in the 
race to the widespread introduction of electric 
vehicles. Although storage batteries are get- 
ting better, they are still far from competing 
effectively with petrol as an energy source. 
The energy content of petrol is about 12kWh/ 
kg compared with some 30Wh/kg for typical 
lead-acid batteries - a difference of about 400 
times on a weight basis. Admittedly, the inter- 
nal combustion engine has much lower effi- 
ciency than electric machines but the gap is 
still far too wide for general acceptance: “Ad- 
vocates of the electric vehicle (EV) frequently 
find themselves explaining why no electric car 
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Fig 4. Plots of (a) specific energy versus specific 
power and (b) energy density versus power density 
Ragone plots of Lithium-ion, nickel-metal hydride 
and nickel cadmium cells. These illustrate one of 
the fundamental trade-offs in battery technology: 
boost a battery’s ability to store energy and its 
power performance suffers. (source /EEE 
Spectrum). 


couples, designers try 
to avoid the pitfalls 
ofthe old ones. Mean- 
while the same few 
technologies gulp 
down most of the se- 
rious money in bat- 
tery development, because new candidates do 
not seem to investors clearly superior to those 
on which hundreds of millions of dollars have 
already been spent.” 

It is stressed that the three main character- 
istics of a secondary (rechargeable) battery - 
energy performance, power performance and 
lifetime (both actual time and in charge-dis- 
charges cycles) - are inextricably linked: in- 
crease one and one or both of the others must 
decrease. For example, if the size of a current 
collector in the battery is increased to boost 
power density there will be less room for active 
electrode materials which will decrease en- 
ergy density. A common way to improve the 
power performance is to use thinner elec- 
trodes, but this usually lowers both the energy 
density and the life expectancy. Fig 4 shows 
Ragone plots of specific energy versus specific 
power and energy density versus power den- 
sity illustrating one of the fundamental tradeoffs 
in battery technology: boost a battery’s ability 

to store energy and its power performance 
suffers. 

When using a car-battery to power an ama- 
teur transceiver, it is worth remembering that 
most vehicle batteries are designed to provide 
heavy currents for short periods but are not 
intended to be repeatably fully discharged. 
For operation from a fixed site, the available 
deep-discharge batteries will provide signifi- 
cantly better lifetimes, well justifying extra 
initial cost. An extreme example of a small 
battery designed to provide a terrific 1000A 
punch for a brief moment was reported in the 
January 1999 issue of Electronics World 
(p6):‘New battery technology packs a 1.5kA 
punch’. Bolder Technologies of Colorado has 
re-spun lead acid technology to produce more 
instantaneous power weight-for-weight than 
any other battery. The cells are sub-C size just 
23mm in diameter and 70mm long using very 
thin elecctrode materials. The 2V cells are 
designed to provide microsecond bursts of up 
to 1500A with complete discharge in 2 sec- 
onds. The capacity is just 1Ah giving a spe- 
cific capacity of about 30Wh/kg much the 
same as a conventional lead-acid battery. I 
shudder to think of the effect of an accidental 
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Table 1: Comparison of some rechargeable batteries 


short-circuit! 

In practice, the 
nickel-metal hydride 
(Ni-MH) batteries are 
now tending to super- 
sede the nickel-cad- 
mium cells, for long 
the usual choice for 
portable transceivers. 
The — even-better 
lithium-ion batteries 
are becoming the pre- 
ferred choice for lap- 
top computers which 
require appreciable 
current-drain over ex- 
tended periods, but are 
still costly. Much of 
the most interesting 
development work, 
from an amateur ra- 
dio viewpoint, is in 
the efforts being made to bring down the cost 


Cell type 
Voltage 


(Vv) 
Lead-acid 2.0 
Ni-Cad i 
Ni-MH 12 
Lithium-ion 


Li-polymer 


Zine-air 


of lithium-ion cells without jeopardising safety - 


aspects or reducing the number of discharge- 
recharge cycles by development of lithium- 
polymer cells 

The whole topic of “Seeking better batter- 
ies” - including comparisons between lead- 
acid, nickel-cadmium, nickel-metal hydride, 
lithium-ion, lithtum-polymer and zinc-air cells 
- was covered in some detail in 77 (September 
1995, pp64-65) from which Table 1 is repro- 
duced: 

The 1998 article points out that a consensus 
is evolving that lithium-based batteries offer 
the best long-term hope for commercially prac- 
tical electric vehicles. The long development 
times for lithium EV batteries reflect in part the 
risks involved in using lithium in large batter- 
ies: “Lithium-ion consumer batteries, though, 
are fast ruling the roost in laptop computers 
and cellular applications, and the number of 
manufacturers worldwide is growing too fast 
to track ... . Lithium-polymer batteries, using 
metallic lithium foil in their negative elec- 
trodes along with a solid polymer electrolyte 
have yet to find their way into consumer appli- 
cations, but they are claimed to have the poten- 
tial for even higher specific energies - up to 200 
Wh/kg - and to cost less to manufacture than 
other types of lithium batteries because of their 
solid-state design. Their biggest disadvantages 
are twofold: they must be warmed to around 
70°C for adequate performance and metallic 
lithium electrodes have historically been short- 
lived in rechargeable applications because den- 
dritic growth of the metal conduces to internal 
self-shorting.” 

Over many years, there have been outbreaks 
of interest in ‘fuel cells’ which are 
electrochemical conversion devices that pro- 
duce electricity directly by oxidizing hydro- 
gen. In a fuel cell, the substances that react 
chemically at the electrodes in the cell are 
stored partially or wholly outside the reaction 
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Nominal 


Power Cycle- 


life 


Energy 
dens. dens. 
(Wh/L) (W/L) 
70 » <400 
60-100 220-360 


Self-dis 
%/month 


4-8 
10-20 


250-500 
300-700 


220 300-600 


475 30 


260 
150-350 


400-500 
>350 


NOTES: Cycle lives are strongly dependenton how the battery is treated. Lithium-ion cells with petroleum- 
coke anodes drop from about 4.0V to about 3.0V fairly linearly as they go from fully charged to fully 
discharged. Figures for lithium-polymer cells are predicted (predating announcement of Ultralife cells). 
Power density figure for lithium-polymer cells apply at full charge and will drop as cell is discharged. Ni- 
MH data apply to 2.9Ah 4/3A cells of the kind made by Duracell and Toshiba. Zinc-air data are for a cell 
developed by Zinc-Air Power for a prototype battery for Electric Vehicles. It must be emphasised that these 
figures are at best only a rough guide. Data abstracted from a table in /JEEE Spectrum (May 1995 p56) 


cell. When these substances are exhausted the 
current stops until more ‘fuel’ is added. The 
delays involved in ‘recharging’ batteries is 
thus overcome and, as with a petrol engine, the 
working capacity depends primarily on the 
amount of fuel that can be carried. 

The first laboratory-model electric fuel cell 
was made by Sir William Grove over 150 years 
ago but it has never proved easy to develop 
practical fuel cells that can operate efficiently 
at low temperatures. Even today most fuel 
cells require inappropriately high tempera- 
tures, between about 300°C and 1200°C and 
use hard-to-manage electrolytes, such as phos- 
phoric acid and molten salts. 

However, in the November 1998 JEEE Spec- 
trum, Tom Gilchrist (Ballard Power Systems 
Inc) suggests that proton exchange membrane 
(PEM) hydrogen fuel-cell systems have be- 
come more compact and could well solve the 
EV battery problem. He claims that: “The 
automotive industry is on the brink ofa new era 
in alternative propulsion. Fuel cells are now 
being favoured for the title ‘power source most 
likely to replace the internal combustion en- 
gine in the next generation of transportation 
vehicles’. In view of past experience this may 
seem an over-optimistic claim for a technol- 
ogy long regarded as at best a far-future hope. 

Gilchrist explains that the PEM type of fuel 
cell, so called because a hydrogen ion is just a 
single proton, offers relatively benign charac- 
teristics as a power source for electric vehicles: 
“Operating at about 80°C and employing a thin 
plastic sheet as their electrolyte, they are easy 
and safe to handle in manufacturing and in 
later use. Unlike some other electrolytes, their 
solid plastic membrane can tolerate a modest 
pressure differential across the cell, making for 
easy presurization, which increaes power den- 
sity, simplifies the rest of the system and reducs 
cost . . . other attractions include low emis- 
sions, high conversion efficiency, and fast 
start-up and fast response to transients.” He 


500-1000 
200-1000 Not yet on market 
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May show memory 
effect 

Possible slight 
memory 
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admits that as a viable 
source of EV power 
they have been slow 
to win acceptance: 
their power density 
with respect to con- 
ventional car and 
truck enginess was too 
low. But in 1995, 
Ballard Power Sys- 
tems of British Co- 
lumbia reported the 


lithium development of a 
Air manager needed stack design with a 
to limit self-discharge | power density of 1000 
watts per litre. The 
company developeda 
fuel cell stack that oc- 


cupied just 30 litres 
yet converted hydro- 
gen into electricy at 
30kW rate, almost ten 
times the state-of-the-art in 1990". Could it be 
that the fuel cell concept that first saw the light 
in 1839 will at last come into its own soon after 
its 160th anniversary? 

Most types of batteries pose environmental 
and safety problems - for example it has been 
claimed that the lead of lead-acid EV batteries 
might cause more pollution than petrol-en- 
gines though this is disputed gs unrealistic. It is 
however conceded that almost any energy tech- 
nology can be attacked as involving some risk: 
few, if any, are both inherently safe and 
enviromentally benign. 


VALVES, DISTORTION & 
QUALITY 

THE /JEEE SPECTRUM article (August 1998) 
‘The Cool Sound of Tubes’ which formed the 
basis of the opening item in 77 (November 
1998) has continued to provoke reader com- 
ments in that journal. A number of these re- 
volve around whether there is any inherent 
difference in the audio quality of valve and 
solid-state high-fidelity amplifiers. The con- 
sensus seems to be that in most available 
amplifiers differences can be detected, at least 
by those with golden ears, even if the differ- 
ence cannot be measured objectively. The key 
appears to be the increased amount of negative 
feedback used to achieve linearity with transis- 
tors. It is however claimed that it is possible, 
with extremely careful design, to build a solid- 
state amplifier that cannot be distinguished 
from the best valve amplifiers. But it is clearly 
much easier to obtain near perfection from 
valves than transistors. But the prime source of 
imperfections remains the loudspeakers. 

On this side of the Atlantic, Ken Green, 
G1NAK writes: “It is my experience that few 
(if any) hi-fi enthusiasts know either why they 
prefer a valve amplifier, or, more importantly, 
what sort of amplifier it is that they prefer. 
Valves come in two type, basically triode or 
pentode. The triode produces predominantly 
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second-harmonic distortion and the pentode 
predominantly third-harmonic distortion. 
Even-order harmonics (in reason- able quan- 
tities) produce a warm and rounded sound 
while odd-order harmonics produce at best an 
‘edgy’ sound, and in any quantity, a harsh and 
extremely unpleasant sound. 

“In my youth, the true earophile always 
demanded a triode power amplifier although 
few could say why, apart from what they had 
read or been told. The list of advantages and 
disadvantages in the November 77 notes that 
it is necessary to use lots of negative feedback 
to obtain reasonable linearity from semicon- 
ductor active devices. I was taught that feed- 
back can be used to improve a good amplifier 
but it cannot make a bad one into a good one. 
As seen on an oscilloscope, when feedback 
fails it does so spectacularly and, at the levels 
at which ‘music amplifiers’ are driven, this 
has to be a component in the final sound. 

“Yet again, semiconductor hi-fi amplifiers 
are easily detected by their characteristic hiss 
which is usually ascribed to the foolishly- 
wide supersonic bandwidth which today’s 
buffs insist they need. I have satisfied myself 
by tests and the three loudspeakers that I have 
lost, that the hiss is the result of supersonic 
and VHF/UHF parasitic oscillations which 
are close to mandatory in amplifiers exhibit- 
ing more feedback than is allowed by the 
learning of a true Designer” 

Further confirmation of the manufacturing 
weaknesses of some high-power RF valves 
comes from Sean Lineman, EI7CV who writes: 
“Your mention of faulty 3-500 
valves gave me consolation in 
knowing that I am not alone with 
my problems. I have a Heathkit 
SB1000 linear amplifier in which 
the 3-500 (serial number FTS 034) 
has developed an internal short- 
circuit causing high voltage to 


used to point out that valves should preferably 
be mounted vertically with the base down- 
wards. Where mounted horizontally, the ma- 
jor axis of the first grid of indirectly heated 
valves of high mutual conductance and the 
plane of the filament of directly heated valves 
should be mounted vertically. With high- 
power RF valves it would seem that this 
advice is still relevant, if a hot filament can 
sag and cause a short-circuit then Murphy’s 
Law suggests it will at sometime do so. But 
are European valves more prone to this than 
American ones or was it just my luck! 


HERE & THERE 
“TECHNISCHE NOTITIES VAN PEIPVB” 
(Electron, February 1999, pp3-5) presents a 
collection of HF antenna ideas drawn from 
many sources. One that caught my eye was a 
folded-dipole arrangement that overcomes the 
problem that a central 300Q resistive feedpoint 
cannot cope with 2nd-harmonic frequencies: 
in other words while a half-wave dipole on 
7MHz can be used on 21MHz it is not matched 
on 14MHz etc. Fig 5 shows an arrangement, 
attributed to VA3ERY (original publication 
not given), of a ‘Washing Line’ arrangement 
of a folded dipole in which the position of the 
feedpoint can readily be moved to suit the 
band in use, and adjusted for minimum SWR. 
The January 77 provided details of the 
transmitter and receive-converter which has 
put Dick Rollema, PAOSE on the 136kHz 
(2137m) band. However in the February issue 
of Electron (p16), he provides an amended 


circuit for the LF converter, as a preferred 
arrangement of the crystal-controlled local 
oscillator for the NE612 particularly where 
overtone crystals are used: Fig 6 shows the 
changes to the 612 circuitry, the frame antenna 
and static protection are unchanged. The crys- 
tal is now connected between pin 6 and earth, 
with as 68pF capacitor between pins 6 and 7. 
For overtone crystals an inductor L5 is con- 
nected in series with C3 which in combination 
with C4 is resonant on the fundamental of the 
overtone crystal. For example, with a low-cost 
27MHz CB crystal, L5 is made resonant on 
9MHz or fora 28MHz crystal on 9.33MHz(L5 
2.58uH) with the main receiver tuned over the 
appropriate range. A standard 2.2mH inductor 
will resonate with 68pF to about 12.9MHz and 
should be satisfactory. 

Since writing these notes, PAOSE has 
warned that parasitic oscillation can de- 
stroy the HEXFETs in the transmitter. He 
has provided a modified diagram and some 
additional information. I will send copies to 
anyone building or seriously interested in 
building this LF transmitter, if they send me 
an SAE plus a 26p stamp to cover photo- 
copying. 

In connection with the item ‘Headphone 
Adapter’ (TT, December 1998, p59), Rev 
George Dodds, G3RJV, draws attention to the 
“High Impedance Headphone Adapter’ avail- 
able from Isoplethics (13 Greenway Close, 
North Walsham, Norfolk NR28 ODE, Tel: 
01692 403230) which he points out is a firm 
offering a useful range of ‘real radio’ prod- 
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appear on the centre tap of the 
heater winding with consequent 
damage to other components.” 
At the time of writing he was 
hunting for a secondhand 3-500 
since the price for a new one is 
over £160. I have to confess that 
during 1997 I ran into a compara- 
ble problem with the PA valve in 
my old LG300 transmitter. Al- 
though less than a year old, the 
Mullard CV26 which had replaced 
an RCA 813 that had given years 
of reliable service, suddenly blew 
its SOW filament. Luckily I was 
able to obtain an American 813 
for a reasonable price, but I was 
left pondering why the European 
valve had had such a short life. 
The conclusion I came to was that 
in the LG300 the PA valve is 
mounted horizontally. The 1954 
British Standard (CP 1005 etc) 
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Fig 5. The washing-line folded dipole antenna credited to VA3ERY. For use 
on 7MHz and above the span could be reduced to 66ft. 
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ucts, including plug-in coil form- 
ers, interstage coupling transform- 
ers, etc. Isoplethics describe their 
THA] headphone adapter as hav- 
ing been developed to allow mod- 
ern 32Q stereo headphones to be 
used in high impedance applica- 
tions. This unit is claimed as ideal 
for use with simple receivers, es- 
pecially valve TRF sets and crys- 
tal sets, and giving good results 
with older valve receivers and test 
equipment such as the BC221 fre- 
quency meter. The input imped- 
ance is around 800002. Modern 
stereo headphones, as noted in the 


the frame antenna etc remain the same as was shown in Fig 1 of the January 
1999 TT. 


December item, vary considerably 
in sensitivity but with examples 
having a sensitivity better than 
100dBm the unit can provide a 
sensitivity approaching that of the 
1950s Brown Type F 4000Q head- 
phones, The input transformer has 
been designed to simulate the 
peaky response of metal dia- 
phragm headphones, in order to 
give good CW and communica- 
tions grade telephony, with addi- 
tional internal filtering to limit 
audio response to around 3kHz 
and with internal clipping to limit 
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noise spikes to a safe level. The 
input is shunted to eliminate “thresh- 
old howl’ with regenerative detec- 
tors. The unit is housed in a black, 
isophthalic resin-moulded box with 
output via a standard stereo socket; 
input is a flying lead terminated ina 
6.35mm jack. 


ANOTHER “BULLET- 
PROOF” MIXER? 

DURING 1998, 7T featured a 
number of high-performance RF 
mixers including an SL6440-sub- 
stitute by G4COL using the 
74HC4066 and the exceptional H- 
mode mixer using the FST3125 
surface-mounted device resulting 
from the combined efforts of I7SWX, 
W7AAZ and G3SBI. 

Both Michael O’Beirne, G3MOB and I 
noted with interest an item ‘Bullet-proof RF 
mixer’ in the ‘Circuit Ideas’ feature of Elec- 


O 
Local 


tronics World (January 1999) contributed - 


by Rod Green of Bedford, Western Aus- 
tralia, using a 74HC4053. It was designed 
for use in an image-cancelling superhet with 
a low IF but could equally well be used in a 
direct-conversion receiver: Fig 7. It is 
claimed to provide a dynamic range of 
132dB and a noise figure of 12dB. 

The RF signal input is applied via an 
input transformer which matches the source 
impedance to the mixer and provides two 
signals in antiphase to the 4053 multiplexer/ 
demultiplexer chip. R1 and R2 terminate 
the mixer and provide current drive, no 
diplexer being needed in this type of circuit. 
The output current is amplified in the cur- 
rent-to-voltage converter [C2 with R3 iso- 
lating Cl from the op-amp input at high 
frequencies. The local oscillator should pro- 
vide a square-wave switching signal. 


CLEANING UP FAULTS 
JAY CRASWELL, WOVNE, in the Techni- 
cal Correspondence feature of OST (De- 
cember 1998, p63) faced a quandary that is 
commonly encountered. One day his trusty 
Drake TR7 transceiver failed to provide any 
RF output. He had in the past always car- 
ried out his own repairs, but this time felt 
anxious about diving into this ageing but 
quite complex equipment. He pondered 
whether he would be able to fix it or only 
make it worse. Out of curiosity he phoned 
the Drake service-department technicians 
and explained his situation. They agreed 
they were still prepared to fix TR7s. Tnen 
he asked for a ‘guesstimation’ of the likely 
cost. The answer of something like $200 to 
$300 convinced him that he should risk a D- 
I-Y job. After all, he mused, we hams are 
supposed to be able to do it ourselves. 

He disassembled the rig on a clean 
table using empty olive jars to save the 


236 


sac ed | | kis 
OV 


Fig 7. Bomb-proof RF mixer - as developed by Rod Green of Western 
Australia who calls it the Ned Kelly mixture in memory of the Australian 
bank-robber who wore bullet-proof armour. 


many screws. Soon something caught his 
eye: Fuzz! The cooling fan over the years 
had sucked loads of the yacky stuff into the 
radio. Clearly this would have to come out 
despite resisting initial attempts to remove 
it. Then he recalled an article he had read on 
restoring antique radios. He borrowed a 
small paintbrush from his XYL, rolled out 
the vacuum cleaner and fitted its detachable 
hose. Then he held the hose near each patch 
of fuzz to be removed and used the brush to 
work it loose. The procedure is thus essen- 
tially the same as shown recently on Chan- 
nel 4 for the six-monthly cleaning of dust 
from the delicate Grinling Gibbons carv- 
ings at Hampton Court, although appar- 
ently this does not have to cope with gooey 
fuzz!! - 

Soon the inside of the TR7 looked like 
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supply 


Fig 8. Twosoldering hints, (a) Apiece of wet cotton 
wool fastened directly to the iron removes heat 
rapidly from sensitive components. (b) A diode 
which can be switched in or out of the AC supply to 
the iron can reduce excess heat when dealing with 
small components or printed-circuit boards. 
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new. And wonder of wonders re- 


moving the fuzz also made the rig 
work like new - presumably some 
metallic fragments in the fuzz had 
finally caused a short-circuit. Suc- 
cess encouraged him to try, again 


- successfully, the same procedure 
outpu 


on a 144MHz rig that had also de- 
veloped problems. Two rigs fixed 
in one week! 

While the rigs are open, WOVNE 
advises, it doesn’t hurt to give some 
of the dusty controls a blast of tuner 
cleaner or lubricant. He concludes: 
“So before you spend time and 
money to send your equipment to a 
repair shop, try cleaning it up! Even 
if it doesn’t fix your problem it will 
make the job of the repair technician a little 
easier and maybe he will show some mercy 
when figuring out his bill!” 

Unfortunately, simply removing the fuzz is 
not always sufficient to restore an ailing trans- 
ceiver to good health and a soldering iron has 
to be used, if only to cure a dry joint or two. A 
letter from Scott Arnesen of Oslo in Electron- 
ics World (January 1999, p55) provides a tip 
on soldering and desoldering heat sensitive 
components which can be ruined if the heat is 
not removed quickly after using a hot iron. He 
writes: “A piece of wet cg@tton wool on a 
separate pin may be of great help. It is much 
quicker to have the cotton wool fastened di- 
rectly to the soldering iron as shown in Fig 
8(a). Just twist the iron and apply.” 

Another soldering hint is given by Jerry 
Hemby, KE4TFE (QST, December 1998, p62) 
who points out that many inexpensive irons 
are too hot for printed-circuit work (particu- 

larly where surface-mounted and similiar 
miniature devices are involved), damaging 
or destroying heat-sensitive boards and com- 
ponents, or causing the foil to peel off the 
board. While large, high-wattage irons should 
be avoided at all cost, even medium / low- 
wattage irons may become too hot if left on 
for a time. KE4TFE advocates an old dodge: 
the use of a high-voltage 1A diode across an 
in-line on-off mains switch of a size that 
aliows the diode to be put inside the switch. 
The new switch is then wired into the mains- 
lead to the iron: Fig 8(b). When ‘on’ the iron 
is powered at its normal rating. When ‘off’, 
the diode acts as a wattless resistor passing 
only half the AC waveform, reducing the 
current through the iron to half and the power 
to a quarter of its normal rating. KE4TFE 
finds that with his Weller soldering pencil, 
the reduced rating copes with all but the 
largest components - for which the switch is 
closed. An editorial note warns that mains- 
transients can reach many times the nominal 
mains voltage so that in the UK the diode 
should be rated at least 1000V for long life 
and in some areas it might even be advisable 
to fit two such diodes in series. ¢ 
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by Pat Hawker, G3VA* 


PAOSE's 136KHZ TRANSMITTER 
AS NOTED IN A brief addition at the proof 
stage to the March 77, Dick Rollema, PAOSE, 
has made several corrections and changes to the 
circuit diagram ofhis 136kHz transmitter (Janu- 
ary TT, Fig 2). He writes: “At first the transmit- 
ter operated without any problem. But after 
returning from holiday one HEXFET after 
another failed. Fortunately they are quite cheap. 
After the demise of seven semiconductors I 
found the cause: parasitic oscillations on VHF 
or UHF. The remedy was clear from the valve 
era: stopper resistors (120Q) in series with 
the gates. 

“At first I used an HC4060 chip in the 
transmitter with 12V supply voltage. It worked 
perfectly, but someone pointed out that this 
device is rated for a maximum of only 6V, so I 
replaced it with an HCF4060 which can be used 
up to 18V (an HEF4060 could also be used). 
Because of the higher output resistance of the 
HCF family, the resistor setting the source 
resistance for the low-pass filter had to be 
reduced from 180 to 27Q. Some corrections 
in the circuit diagram are due to mishaps at the 
printers: 'u' becoming m and omega becoming 
W: Fig 1 shows the modified and corrected 
circuit diagram. 

PAOSE adds: “TI find operating on LF fasci- 
nating. Signals are usually very weak and some 
almost buried in noise and QRN partly caused 
by a LORAN-C transmitter in the North of 


ics 


. voltage switching stations, etc. It produces 


6mV into 50Q at my location, whereas ama- 


_ teur signals are in the microvolt range. I use 


i «an additional passive audio filter with three 


‘136kKHz~ 


Breadboar 
transmitter. 

France and which is even more troublesome in 
Southern England. It operates on 100kHz, but 
the steep pulses cause it to spill over the 136kHz 
band, despite complaints. I now use a special 
LF valve receiver made in the 1960s by 
Teletron in Germany, which was especially 
designed for FSK data transmission and has 
a small CRT showing the frequency shift. It 
covers 40-80kHz and 80-160kHz. Extremely 
good steep-sided filtering is essential on the 
LF-band, because at 138.8kHz there is a 
very strong station, used by the German 
electricity board for remote control of high- 
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tuned circuits and about 200Hz bandwitdth 


between receiver and headphones. 


“My antenna simulation computer pro- 
gram gave about 65mW as the actual radi- 
ated power . . . It is amazing that hundreds of 
kilometres can be covered with such small 
power. Ithelps to remember what the old Radio 
Designer's Handbook by F Langford Smith 
says: 'In the transfer of power between two 
aerials, the number of wavelengths, rather than 
the distance, is the significant parameter' . . 
. You will not be surprised that I am utterly 
against dropping the telegraphy test as part of 
the RAE. It is argued that the use of CW should 
be retained and only the test abandoned. But 
surely nobody is going to study for something 
not required for an examination and the result 
will be that in the course of time CW will 
disappear.” 


COILS, CORES & CHIPS 

A USEFUL TIP COMES from Ray Loveland, 
G2ARU, who writes: “Although not presently 
active on air, I still do a fair amount of construc- 
tional work. [have recently been making some 
coils on the old Neosid 0.3in formers with in 
(OBA) dust cores. Many readers will be aware 
ofthe problem of finding a way of locking these 


R3 to R6 = 0-52 
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Fig 1: Modified and corrected circuit diagram of PAOSE’s 136kHz transmitter published in the January 1999 TT. The 120Q resistors in the gate circuits 
ofthe HEXFETs were found to be necessary in order to prevent destructive VHF/UHF parasitic oscillation. S1a and S1b is a DPDT switch, to prevent transmitting 


with the antenna switched to the receiver. 
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CORE 
T-400 
T-400A 
T-520 
FT-23 
FT-37 
FT-50 
FT-50A 
FT-SOB 
FT-82 
FT-87 
FT-87A 
FT-114 
FT-114A 
FT-140 
FT-140A 
FT-150 
FT-150A 
FT-193 
FT-193A 
FT-240 


Table 1: Inches per turn factors for commonly used 
toroidal cores. 

cores in a manner that does not prevent later re- 
adjustment. I have found that the core-locking 
compounds tend to harden with age, so that the 
cores cannot be adjusted later without damage. 

“Some commercially made coils had a single 
strand of very thin elastic run into the former, 
parallel to the core. This works well on home- 
made coils, since supplies of very thin elastic 
can readily be obtained by carefully cutting 
lengthwise the wide elastic used on clothing. I 
have just recently tried another method: lock- 
ing the cores by wrapping a few turns of 
plumber's PTFE tape around the core. This 
seems to work very well.” 

Recent practice in coil winding is to use pow- 
dered-iron or ferrite toroidal cores. Robert Olson, 
WD4OHO, in the 'Technical Correspondence! 
feature of the January 1999 issue of OST provides 
useful information on how to calculate the length 
of wire needed when winding 
popular toroids. He writes: 
“Many homebrew projects 
specify use of toroidal inductors 
wound on powdered-iron or fer- 
rite cores. The articles usually 
provide the much-needed infor- 
mation on core types and the 
number of turns needed to ap- 
proximate a given value of in- 
ductance. However, they don't 
generally tell you what length of 
wire you need to wind on each 
toroid. An easy way to calculate 
the lengths for most commonly 
used cores with single wire, sin- 
gle layer windings is simply to 
multiply the core's inches per 
turn (IPT) value [shown in Ta- 


Guy wire 


ble 1] by the number of turns and wantin 
add three inches to the result: ie B 
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(IPT x turns) + 3in. Then round-off the result to 
the next larger number. In this way you'll be 
able to conserve your supply of enamelled 
wire each time you need a toroidal inductor.” 

Colin Horrabin, G3SBI, provides some ad- 
ditional information on the Minicircuits TT4- 
1A Style X65 (6-pin DIP) transformer recom- 
mended in connection with the FST3125 H- 
mode mixer, described in the September 1998 
TT (pp58-59). He writes: “This transformer 
has a centre-tapped primary (in addition to the 
centre-tapped secondary) and I wish to make it 
clear that the entire primary winding is used, 
leaving the centre-tap unconnected, so giving a 
1:4 impedance step-up. The reason for choos- 
ing the T4-1A is that originally I used the T4- 
1 in my test set-up since I knew that this was 
capable of intercepts above 50dBmas I had used 
them in the SD5000 H-mode mixer. The inser- 
tion loss of the T4-1 is relatively high, so I tried 
the T4-6T since this has lower insertion loss, 
but the IP, bottomed out at about 40dBm. 
The Minicircuits handbook gave a low inser- 


- tion-loss and is capable of an IP3 above 


50dBm. These differences must be due to 
the grade of ferrite used in the transformer 
cores. It appears that the TT4-1A is the only 
available transformer providing both these 
desirable characteristics between 1MHz and 
80MHz.” 

G3SBI adds: “While I was doing the IP, test 
on the FST3125 device, I also tested it as an up 
converter to 45MHz but using the normal IF 
portas RF input, with the normal RF input being 
the 45MHz IF output. I felt this might improve 
balance at 45MHz. With a Vcc of 7 volts (still 
driven by 5-volt logic onan AC109) lachieved 
an IP, of S0dBm up-converting a 14MHz signal 
with the local oscillator at S9MHz, using the 
divide by two squarer (74AC109). The funda- 
mental frequency-squarer (74AC86) gave simi- 
lar results, but the AC86 chip temperature 
increased noticeably. John Thorpe, designer of 
the excellent AOR7030 receiver, uses the 
74AC86 as a fundamental frequency squarer 
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Fig 2: The classic Bobtail-curtain antenna with dimensions suggested by VE1TG. 
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Fig 3: VE1TG’s tuner for his 7MHz Bobtail-curtain 
array. For 14MHzL1 and C1 should be about half the 
values shown. C2 aboutthe same. L1 10 turns of No 
10 enamelled copper wire wound on former of inner 
diameter 2.5in over a length of about 3in. L2 3 turns 
wound between turns of L1 atthe earthy end. Radiates 
predominantly vertically polarized signals. 


Se 


Fig 4: How the Bobtail can be reduced to form an 
omnidirectional inverted ground-plane antenna 
(Vertical-Tee) 


77MHz). However, only one gate has the 
feedback resistor which sets the operating 
point. This would not be sufficient when 
designing the squarer to handle a 5 to 39MHz 
input range, as I found the gain of two gates 
were necessary at SMHz. But using just the 
one gate biased in the linear 
region probably helps keep the 
_ chip temperature down above 
45MHz. : 


Insulator 


BOBTAIL, HALF- 
SQUARE AND LAZY-U 
ANTENNAS 
WITH IMPROVING conditions 
- on the higher HF bands but con- 
tinued interest in chasing DX on 
the lower HF bands, the search 
for wire antennas that perform 
_ well at relatively low vertical ra- 
diation angles continues to exer- 
- cise many enthusiasts worldwide. 
For those with plenty of space 
and supports at least a quarter- 
wave high, a single-band broad- 
side antenna that has been shown 
to be a particularly effective low 
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Fig 5: 7MHz three-element vertical Yagi array (wire) with element lengths much 
reduced by loading with the horizontal sections. Originally developed by Les Moxon, 
G6XN, in connection with experiments on extremely low-angle DX with low-power. It 
provided highly-reliable communication with Australia. 


angle radiator (at least over good ground) is the 
Bobtail Curtain. This was included in many 
editions of The Radio Handbook (see also ART 
or 7T July 1970). Fig 2 and Fig 3. show a 
version described by VE1TG with dimensions 
for the 3.5, 7 and 14MHz bands (dimensions 
for the 10, 18, 24 or 18MHz bands could be 
readily calculated from basic formulae). It 
should be appreciated that this antenna pro- 
vides predominantly vertically polarized sig- 
nals and over ground of good conductivity is 
capable of very low angle radiation. In its 
simplest single-element form, the Bobtail an- 
tenna reduces to the inverted ground plane 
(vertical-Tee) - a useful omnidirectional an- 
tenna: Fig 4. 

Another loosely related configuration is the 
7MHz low-angle directional parasitic array (a 
vertically-polarized wire squashed Yagi) de- 
veloped by G6XN that provides good per- 
formance with relatively low supports: Fig 5. 
In this antenna the horizontal wires provide 
end-loading of the shortened vertical elements. 

In all of the above configurations, the bulk 
of horizontally-polarized radiation is balanced 
out. This does not apply to the ‘half-square' 
antenna, although this, in my view wrongly, is 
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Fig 6: The basic Half-Square antenna. (a) voltage 
fed; (b) current fed. Mixed polarization. 
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tail antenna. The 
half-square an- 
tenna (Fig 6) how- 
ever deserves con- 
sideration in its 
own right. This is 
the basis of 'A visit 
to the Half-square 
Antenna' by 
Hannes Coetzee, 
ZS6BZP (Com- 
munications 
Quarterly, Spring 
1998, pp83-90). 
In 1997, ZS6BZP 
began  experi- 
menting with a 14MHz version, based on a 
7MHz half-square antenna described by 
W8HXR in 73 in May 1985. He used two 6m 
(later increased to 9m) masts. As a comparison 
antenna he used the modified form of GSRV 
developed by Dr Brian Austin, ZS6BKW/ 
GOGSF, which has been described several 
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Fig 7: The basic Lazy-U antenna element. Produces 
predominantly vertically polarized signals. 


times in 77 and in a full-length article in 
RadCom (August, 1985), at a height of 12 
metres. To the disappointment of ZS6BZP, on- 
air tests showed the GSRV dipole consistently 
out-performing the 14MHz half-square an- 
tenna: “After many comparative tests, I had to 
accept defeat. The half-square antenna had 
been thoroughly beaten by a multiband dipole. 
I had to find the reason why!” 

Together with Danie Brynard, ZS6AWK, 
and his copy of EZNEC2 by W/7EL, they 
simulated both antennas over average ground 
at a height of 12m. The bottom of the half- 
square verticals were 7m above ground, and 
the radiation at an elevation of 11° above 
horizon was calculated for both antennas. The 
simulated half-square gave 3dBi per main lobe, 
whereas the improved GSRV gain came top 
with 7dBi in the main lobe. ZS6BZP suggests 
that the reason for the higher gain of the GSRV 
antenna can, to an extent, be found in the fact 
that its legs are considerably longer than those 
of a 14MHz dipole, with results on higher 
frequencies producing even more respectable 
gains. 

He notes that the half-square antenna was 
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intended for use on 7MHz, delivering a bi- 
directional pattern with a simulated gain of 
1.78dBi and nulls in the direction of the an- 
tenna nearly 13dB deep; a very useful per- 
formance. In comparison, the improved GSRV 
resulted in a figure-of-eight pattern with a 
maximum gain of | to 1.16dBi, a realistic 
figure for a 11° elevation angle for a dipole at 
close to a quarter-wavelength above ground, 
an improvement of some 0.5dB on the half- 
square antenna. In his article ZS6BZP de- 
scribes methods of changing the direction of 
radiation from a half-square and also suggests 
that improved performance could result in 
changing it to a Phased Lazy-U antenna using 
Lazy-U elements. This idea might be worth 
pursuing, especially in the form of a four- 
square array that could provide selectable ra- 
diation direction on the lower bands. 

The basic Lazy-U antenna resembles an up- 
turned half-square antenna, although with a 
height that can be less than a half-wave. This 
antenna was described in 1992 by Henry Elwell, 
N4UH, as a short vertically polarized antenna 
in which, provided the total element length is a 
half-wave or multiple thereof with equal hori- 
zontal sections, the radiation from the horizon- 
tal sections is largely cancelled out: Fig 7. 

ZS6BZP concludes: “Despite all the claims 
in the amateur press over the years, the half- 
square antenna is not the ultimate solution to all 
your needs. At 14MHz and higher, a tri-bander 
(or even a GSRV dipole) at the same height, 
outperforms the half-square by a fair margin. 
At 7MHz and lower, the half-square antenna 
has distinct advantages over a small beam or 
dipole used at less than a third of a wavelength 
above ground. The directivity and off-axes 
nulls also count in its favour. The antenna is 
also simple to construct.” 

It should be noted that with all the above 
antennas there will be high RF voltages at the 
base of the elements and care should be taken 
to ensure the safety of people and animals. 


CERAMIC RESONATORS IN LF/ 
MF LADDER FILTERS 
JAN-MARTIN NOEDING, LA8AK, con- 
siders that too little has been written about the 
application of ceramic resonators to low-cost 
narrow bandpass filters. He has a number of 
Murata ceramic filters centred on frequencies 
which include 250, 440, 500 and 480kHz. He 
was planning an off-frequency standard that 
required some sharp filters. In order to check 
ceramic filters at these frequencies, he first set 
up a simple circuit to check the tuning ranges. 

Murata CSB250D: Tuning range (with 0- 
140pF capacitor), 249.24 to 251 kHz. Single 
tuned circuit selectivity with 140pF capacitor, 
248.0kHz -40dB; 249.0kHz -46dB; 249.5kHz 
-46dB; 249.5kHz -37.5dB; 249.8kHz -23dB; 
250.0kHz 0dB; 250.2kHz -20dB; 250.5kHz - 
26dB; and 251.0kHz -28.5dB. 

Murata CSBS00E: Tuning range (with 
0-140pF capacitor), 509.59kHz to 516.9kHz. 
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Fig 8: LA8AK’s test circuit for evaluating CSB250D ceramic resonators as a narrow bandpass filter. 


Murata CSB480E: Tuning range (with 0- 
140pF capacitor), 477.36 to 482.9MHz. 

LA8AK writes: “These measurements 
indicated that the filters were sharper than 
expected, so I built a test circuit [Fig 8] on a 
piece of 80 x 40mm copper-laminate board 
using 'dead bug' construction. It is very impor- 


tant to use a screen between the two resonators. _ 


The filter using two CSB250D resonators was 
tuned to 250.0kHz. Selectivity proved to be 
extremely sharp, almost impossible to tune the 
signal generator (using a frequency counter). 
The -3dB bandwidth is 60Hz, with attenuation 
increasing rapidly to 70dB below 250kHz and 
to 60dB above 250kHz. 

“Then two CSB440E resonators were tested. 
The filter could not be tuned higher than 
443kHz, but perhaps could still form an alter- 
native to the standard 455kHz intermediate 
frequency. With the two fixed 100pF capaci- 
tors removed (ie retaining only the two 40pF 
trimmers) the filter was trimmed to 442kHz, 
which seems to have optimum attenuation. 
The -3dB bandwidth is about 150Hz, ultimate 
attenuation was 70dB above and 80dB below 
more than 10kHz off the centre frequency. 
This test circuit was designed only for mini- 
mum loading on the tuned circuit, so it is 
difficult to know what the true insertion loss is, 
but with an improved filter circuit it seems 
possible to achieve some 6-10dB filter inser- 
tion loss. 

“T also required an IF notch filter for incor- 
poration in my receiver. Another simple test 
circuit (Fig 9) was built. I tried some different 
resistor values, and found that a deeper notch 
could be achieved with higher-value resistors. 
This indicates that a notch filter should be 
tapped on to a 5000 impedance point of a 
tuned circuit. The direct series resonance is at 
244kHz and the notch is only 10dB deep. This 
is of no practical value, since it cannot be 
tuned. It is better to use the parallel resonance 
characteristics for the notch with the same 
capacitor values as for the bandpass filter. 
Notch depth is 31.5dB below the point of 
minimum attenuation. Measurements (with 
1SOpF fixed capacitance): 240kHz -4.5dB; 
245kHz -4dB; 243kHz -3.5dB; 246kHz - 
4.5dB; 248kHz -6.5dB; 249kHz -20dB; 
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249.5kHz -15dB; 249.61kHz -30dB; 
249.69kHz -25dB; 249.73 -30dB; 249.77kHz 
-31.5dB; 249.79KHz -30dB; 249.99kHz - 
20dB, 250.14kHz -10dB, 250.38kHz -SdB; 
and 251.1kHz OdB. 

“These test circuit measurements indicate 
that ceramic resonators are fine business for 
building narrow bandpass filters, as well as 
notch filters. Perhaps the lower Q makes them 
easier to use than crystals for super-selective 
filters up to above about S5O00kHz.” 


THE CLASSIC SUPER-PRO 

IN THE FEBRUARY TT item 'Classic Valve 
Receivers' I included a mention of “some 
Hammarlund models” but surely made an error in 
not picking out their “Super-Pro” models, which 
must have seta worldrecord in being in production 
almost 40 years, from 1934 to 1972. Admittedly, 
the Super-Pro was a generic name applied to no 
less than (according to the 3rd Edition of Ray 
Moore's Communications Receivers - The Valve 
Era 1932-81) 30 variations of some five basic 
designs SP10,SP110,SP210X (military BC779, 
and the modified BC1004 version), SPC400X, 
SP600 (1950-72, military versions R274C/FRR, 
R320A). Even earlier, Hammarlund had intro- 
duced one of the very first true communications 
receivers with the'Comet PRO' in 1932, although 
not of the same standard as their later Super Pro 
models. Hammarlund also manufactured the pre- 
war HQ120X and the basically similar imme- 
diate post-war HQ129X, using some of the 
design features of the Super Pro (including the 


G3GGK’s restored Hammarlund BC1009 Super 
Pro communications receiver, built around 1944 
and still providing an excellent 16-valve plus 
rectifier receiver. A number of these were used on 
early long-haul US military radio-teleprinter circuits. 


six-position single-crystal filter, but with only 
a single RF stage) and to a lower cost specifi- 
cation. I still have a working HQ129X which is 
capable of reasonable performance, although 
it has always suffered a tendency to sudden 
small frequency jumps which appear to be due 
to the use of hygroscopic material for the 
oscillator coil formers that absorb and retain 
moisture. A OST contributor once advised that 
this could be overcome by fitting a low wattage 
(5-10W) electric lamp inside the cabinet and 
running this continuously, to provide a source 
of dry heat. Seems a good idea, although I have 
never got round to trying it. 

Peter Simpson, G3GGK, retains a strong 
interest in early valve receivers. He writes: 
“During my fifty-odd years in radio - both as a 
professional and as an amateur - I have re- 
stored countless AR88, HRO, CR100, several 
Eddystone and even a few Hallicrafters. In the 
1950s I owned a Hammarlund HQ120X which 
gave me a lot of pleasure, but as a young 
amateur I needed to sell it to buy my first AR88. 

“About six months ago, I decided that I would 
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Fig 9: LA8AK’s notch filter test circuit. 


try to find and restore a Hammarlund receiver. A 
‘wanted ad' in RadCom produced some eight 
replies, varying from offers as free gifts, some at 
reasonable prices to others at prices best forgotten. 
One gift offer was of a BC1004D, the later US 
military version of the Hammarlund Super 
PRO SP210X, and seemingly closely akin to 
the SP400 produced in 1946 as a re-entry into 
the civilian market. With my wife, I collected 
this generous gift from Ron Lavis, G8DX; of 
Bath. [Ron is one of the diminishing number of 
wartime RSS/VI/SCU3 intercept operators 
whom I knew at Hanslope Park. Incidentally, 
another reunion is being organised by ‘Nos’ 
King, G3ASE, at Bletchley Park on May 16th 
- G3VA]. 

“T also obtained a BC794, which is identical 
except the frequency coverage. This had most of 
the original knobs and, more important, a genuine 
S-meter. Since the BC1004 covered MW right 
through to 20MHz, I madethis the prime target for 
restoration. This has now been completed (see 
photo left). 

“The construction and quality of this mili- 
tary receiver was absolutely outstanding. The 
plating on the chassis responded well to a little 
abrasive cleaning. Even the front panel was 
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heavily copper then nickel-plated, so there was 
no rust. The wavechange switch is a plunger 
type operated by cams, and showed no sign of 
noise after some 54 years. The tuning heart is 
a magnificent piece of mechanical engineering 
and is easily removed from the chassis to 
permit work to be carried out. The tuning drive 
is by friction onto Ivorine scales and is much 
smoother than gears. Because each tuning 
range is limited to 2:1 in frequency, it came as 
no surprise to find that the scale accuracy was 
of a high order. 

“So what is the result? I have ended up with: 
(1) a superb 16-valve plus rectifier communi- 
cations receiver covering 540kHz to 20MHz; 
(2) 13 watts of very acceptable audio for 
listening to broadcast stations from push-pull 
6F6 output valves; (3) a crystal-gate filter with 
six positions and phasing control; (4) an excel- 
lent pulse-type noise limiter; (5) smooth tuning 
controls through friction-type drives, includ- 
ing electrical bandspread above 2.5MHz; (6) A 
tuning heart built like a battleship, completely 
stable with superb tuning capacitors, antenna 
coils that have Faraday screens between pri- 
mary and secondary (this unit alone would cost 
more to produce today than a complete Japa- 
nese transceiver! ); (7) selectivity variable from 
3 to 16kHz; and (8) last, but not least, real 
satisfaction every time I switch on the restored 
old-warhorse!” 


CAMP/MOBILE 


mounted loops have been proposed for NVIS 
operation, although they are rather daunting 
for all but the keenest amateurs. The traditional 
HF antenna used with land vehicles is a vertical 
whip - relatively poor for NVIS propagation - 
although VE2CV considers that the coil-loaded 
monopole is more easily transported than a 
loop because it breaks down into sections and 
can be used as a camp or mobile antenna from 
1.8 to 30MHz. (‘A tunable all-bands HF camp/ 
mobile antenna’ by VE2CV and Larry Parker, 
VE3EDY, Communications Quarterly, Fall 
1998, pp47-57). He points out that from a 
campsite it is better to go up, than up and out. 

The article describes in detail a TABA (Tun- 
able All-Bands Antenna) system for mobile/ 
transportable applications. Sufficient details 
are provided to enable amateurs with the nec- 
essary tools and machine shop skills to con- 
struct it, together with measured data to deter- 
mine efficiency of the antenna for the 3.5MHz 
band plus computer-calculated performance 
on this and several other bands. 

It is stressed that for any vehicle-mounted, 
electrically short, base-loaded HF antenna, the 
loading coil is a key component, as high-Q and 
remote tuning ability are highly desirable re- 
quirements: “The inductance required for the 
lower bands (1.8/3.5MHz) can be near the self- 
resonant frequency for the coil, so a coil with 
a space between the turns must be used to 
reduce its self-capacitance and increase its self- 


ANTENNAS We 
FOR 50 YEARS, Dr John (Jack) 
Belrose, VE2CV, has been using 
HF antennas from remote sites, 
including camping parks and the 
like. Initially he used simple, eas- 
ily erectable dipole antennas, in- 
cluding the single-wire fed 
Windom wire dipole. Later he 
devised a centre-fed dipole with 
the element wound up on bob- 
bins so that the system could pro- 
vide a resonant half-wave dipole 
on any frequency (or band) of 
interest. More recently he used a 
coax-fed, off-centre-fed dipole, 
again with the wire elements 
wound on bobbins and suitable 
for 3.5, 7 and 14MHz bands 
(41.5m long, fed 13.8m from one 
end with a home brew 4:1 ferrite 
bead over coax current balun). 
While such dipoles could be 
supported from one tree with a 
sloping element, their length 
could be a nuisance, as they usu- 
ally had to stretch over neigh- 
bouring sites or roads. In 1993, he 
evaluated a number of DK5CZ's 
AMA tunable loop antennas, and 
has used the AMA6 (6.7 to 
25MHz) as a camp antenna for a 
number of years. Vehicle- 
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resonant frequency. For typical mobile anten- 
nas, a separate coil is used for each band, with 
no ability to retune. An alternative system was 
originally devised by D K Johnson, W6AAQ, 
and a version described by Lodewijk Stuyt, 
PA3BTN, and Hans Spits, PDONCF, (Elec- 
tron, March 1997, pp98-103, Dutch text). A 
translation of the Dutch article 'The 'Screw- 
driver’ Rapid QRV Antenna’ translated and 
edited by Erwin David, G4LQI, appears in the 
February 1999 issue of RadCom, pp16-19. 
This describes the construction of a continu- 
ously tuneable W6AAQ-type 'DK3' 3.5- 
30MHz mobile or portable antenna with, for 
fixed operation, a radial earth mat. 

In Canada, two versions based on the 
W6AAQ design, independently of the Dutch 
work, of this form of tunable whip antenna 
(one for 1.8MHz and above, the other for 
3.5MHz and above) were fabricated by 
VE3EDY. Their radiation characteristics were 
determined by VE2CV, and their on-air per- 
formance extensively evaluated by both. Coil 
length is 55.9em (22in) for 3.5MHz, 81.3cm 
(32in) for 1.8MHz. A 1.5m stainless steel whip 
is installed for mobile use and a sectionized 
4.9m whip used on camp sites etc, although the 
full-length 4.9m antenna can be used on a 
stationary vehicle which then, in effect, forms 
the earth mat. 

The W6AAQ ingenious remotely-tunable 
loading coil system clearly requires some care 
and expertise in mechanical con- 
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Fig 10: (a) Predicted vertical radiation pattern performance of VE2CV’s 3.5MHz 
camp and mobile installations, compared with a dipole at low height and a vertical 
1.6m compact loop (AMA8). (b) Predicted performance of the mobile antenna on 
14MHz compared with the loop and dipole with an apex height and droop as for 
the 3.5MHz dipole. 
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struction and is well illustrated in 
the February RadCom. For the 
Canadian versions, the lower sec- 
tion of the antenna is a Scm (21n) 
diameter stainless steel pipe. The 
Canadians do not use the toroidal 
impedance-matching transformer 
advocated by W6AAQ and the 
Dutch authors. They claim that 
no other antenna system tuning 
unit is needed. 

Much of the Canadian article is 
devoted to a discussion of the 
radiation characteristics and effi- 
ciency, including comparisons 
with an AMA8 loop and with a 
low dipole, both for NVIS me- 
dium-distances and for long-haul 
working, showing the effect of 
thé vehicle body on the radiation 
characteristics: Fig 10. Among 
their concluding remarks, they 
stress: “The important features of 
the TABA (and the compact loop) 
is the ability to tune for a mini- 
mum SWR on the frequency of 
choice. This is particularly im- 
portant for 3.5 and 1.8MHz, 
where their bandwidth is narrow. 
The TABA is not confined to the 
amateur bands but can be used on 
any frequency in the HF spec- 
trum." 4 
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CLOTHESLINE ANTENNAS 
A TRADITIONAL FORM of covert antenna 
consists of a clothesline threaded with a thin, 
concealed wire, but in 77, March 1999, pp62, 
(shown again here as Fig 1) we reproduced a 
novel form of multi-band folded clothesline 
(washing-line) dipole in which the position of 
the 300Q feedpoint could be adjusted by means 
of low-cost plastic pulleys normally intended 
for outdoor clotheslines of upstairs apart- 
ments etc. This came from a collection of HF 
antenna ideas in the Dutch VERON journal 
Electron, collated by PEIPVB and ascribed 
to VA3ERY, although the original source 
was not given by PEIPVB. This resulted in a 
letter from Roberto Craighero, ILARZ, who 
provided the original OST article by VA3ERY 
and also revealed an earlier Italian endorse- 
ment of this ingenious approach. He wrote: 
“The article on which PEIPVB drew was 
‘The Clothesline Antenna’ subtitled ‘Dry your 


laundry or work DX - Could this be the first . 


dual-purpose antenna?’ by Robert Victor, 
VA3ERY (QST, July 1998, pp56-58). I was 
impressed and decided to translate in into Italian 
for possible publication in the ARI journal 
Radio Rivista. It duly appeared in the February 
1999 issue (pp43-44). Following publication I 
receiveda letter from Goffredo Navacci, IOTWA, 
who pointed out that a similar form of clothes- 
line antenna had been developed and used by 
him since 1995, with publication in the Italian 
magazine Radio Kit (March 1995).” 

I11ARZ enclosed copies of the relevant arti- 
cles, which make it clear that while VA3ERY 
genuinely believed that he was the first to 
describe such an antenna, he recognised that: 
“Every once in a while, you run across an idea 
that seems so simple, so obvious, you can’t 
believe it hasn’t been done before. Surely (you 
say to yourself) you’ re not the first person in the 
universe to have thought of this... As faras I’m 
concerned, /’ve invented the Clothesline an- 
tenna. Still, I’m not going to be surprised if 
someone shows me that it’s been done before! 
But even ifthis antenna design has been around 
since hydrogen, it may still be new to you. 
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Fig 1: The multi-band clothesline folded dipole antenna as conceived and 


described in 1998 by VA3ERY. 
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Fig 2: The multi-band clothesline folded dipole 
antenna as conceived and described in 1995 by 
IOTWA. (1) balun (see text). (2) Nylon cord. (3) PVC 
tube. (4), (5) and (6) plastic washing-line pulleys. (7) 
Nylon cord. (8) Coaxial cable feeder. 
And even if you have seen something simi- 
lar to the Clotheseline, this design may be 
worth a second look. For hams in a variety of 
situations, this could be just what the doctor 
ordered to cure your DX dilemma.” 
VE3ERY waxed enthusiastically on the use- 
fulness of this approach for the many amateurs 
operating from flats, condominiums or apart- 
ments. He claimed that his 132ft span version 
(as reproduced again as Fig 1) “works all the HF 
bands, and it gets great results. It doesn’t need 
a tuner because it’s dead-on resonant on the 80, 
40, 20, 15 and 10 metre bands. A tiny tweak will 
bring in 12 and 17 metres too. It’s remarkably 
easy to build. There are no traps, no stubs, no 
loading coils, no variable or fixed capacitors, no 
screws, no clamps, and you don’t have to drill 
anything. This antenna is so simple to put up, it 
hurts. It consists of little more than a piece of 
wire, a centre insulator, some feed-line and a 
couple of $2 hardware-store fittings.” 
VA3ERY advises that for covering the 17 
and 12 metre bands, you should cut the origi- 
nal length for resonance just a little up from the 
bottom of the 80 metre band, at 3615MHz. The 
fifth harmonic is then smack on 17 metres. Cut 
it to 3.55MHz and the seventh harmonic is on 
12 metres. In practice, because of the folded 
dipole form of element, exact resonance will 
be much less critical than with a single thin wire 
element. VA3ERY reported that “On every 
band I tuned for, 
the SWR was well 
below 1.5:1 with- 


out a tuner.” 
The 1995 
IOTWA design, al- 
Plastic though basically 
pey similar, differed in 


some practical de- 
tails: Fig 2. Instead 
ofusing anon-criti- 
cal length of 300Q 
feeder, he put the 
balun (6:1 for 50Q 
is » coax, 4:1 for 75Q 
coax) at the ele- 
ment feed point. 
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He also used three plastic pulleys, with a 
nylon cord permitting the lower pulley to be 
mounted so that the feed point could be 
adjusted from ground level, rather than by 
leaning out of the apartment window. IOTWA 
suggested that a folded element with a span 
of 20.3m would resonate on approximately 
7050kHz, 14100kHz, 21,150kHz and 
28200kHz. With the longer span of 39.6m it 
will have a fundamental resonance at 
3600kHz, second harmonic 7200kHz, third 
10,800kHz, fourth 14,400kHz, fifth 18,000, 
sixth 21,600kHz, seventh 25,200kHz and 
eighth 28,800kHz - all reasonably close with 
the wide bandwidth of a folded element to 
the amateur HF bands. For each band the 
feed point should be adjusted by means of 
the pulleys to approximately a quarter wave- 
length from the near end and then ‘fine 
tuned’ for minimum SWR. 

All-in-all, it seems that the clothesline 
antenna, whether you go for the Canadian or 
the Italian job, is a useful addition to the 
stable of multi-band HF antennas. 


DX ON SPARK 

THE ILLUSTRATION of the Marconi quarter- 
kilowatt quenched spark emergency transmit- 
ter in the March 77 certainly brought back 
memories to a number of amateurs who were 
marine Radio Officers before they swallowed 
the anchor. Among these were Peter Bond, 
G3BEG; John B Tuke, G3BST; Alan Pink, 
G3RMZ; Adrian Ridley, G3ZLR; Keith 
Plumridge, GOMMA; and others, while Steve 
Richardson, G4JCC, sent along an interesting 
local paper cutting on the re-dedication of the 
grave on Hayling Island of Admiral Sir Henry 
Jackson, 1855-1929. As Captain Jackson, he 
was the first person to experiment (1896-1900) 
with maritime spark systems for use by the 
Royal Navy, developed independently of Mar- 
coni and based on the work of Hertz and 
Lodge. See The Origins of Maritime Radio by 
the late Gerald Garratt, GSCS, in collaboration 
with R F Pocock, published by HMSO on 
behalf of The Science Museum, 1972. Admiral 
Jackson was President of the Wireless Society 
of London in 1922, during the change of name 
to the Radio Society of Great Britain. 

Spark transmitters were, of course, used 
by British amateurs in the pre-WW1 period, 
and again for a few years in the early 1920s. 
The photo (see page 58) shows Leslie 
McMichael, MXA (later 2FG), with his sta- 
tion as it existed in about 1912. The transmit- 
ter used a 6in spark coil, with a power of 
some 150 watts on 275 metres. The receiver 
consisted of a large inductance with a slider 
for tuning and a Perikon crystal detector, and 
could receive signals up to 10,000m. Leslie 
McMichael was a founder member of the 
Wireless Club of London (later RSGB) and 
37 Dovercourt Road, London SE228SS. =~” 
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Fig 3: FET post-mixer amplifier as built by G3SBI 
from information supplied by W7AAZ and W4ZCB. 
Adjust R for 80mA current. Value should be between 
10 and 202. The 0.1pF capacitors are monolithic 
ceramic type. T1 five bifilar turns of 0.4mm Bicelflox 
enamel on Fairrite BN 61 302 core. T24=1 turns on 
Fairrite BN61 302 core using 0.4mm Bicelflox enamel 
wire. Primary single brand turn. See TT, September 
1996, p72 for details of how to wire T2. 


also founded the McMichael radio manufac- 
turing firm. Some of the pre-WW1 amateurs 
used home-made rotary spark transmitters. 
A few achieved ranges of several hundred 
miles. 

While most of the ex-RO 
reminiscences will have to 
wait another month, it is 
worth noting that it was ap- 
parently not until January 
1956 that spark, even for 
emergency maritime use, was 
banned under ITU Regula- 
tions. Even then, Spain and 
China were at the time not 
members of the ITU and thus 
exempt. G3RMZ recalls hear- 
ing a Spanish vessel using 
spark as late as mid-1958. 
He also points out that many 
Radio Officers regretted the 
change to valve emergency 
transmitters such as the Mar- 
coni ‘Salvare’ (with two 
807s), since a valve trans- 
mitter could lose a lot of its 
output power under damp 
conditions (not unusual at 
sea!) and required much careful attention in 
order to meet the UK requirement, regularly 
tested, that a lifeboat transmitter must de- 
liver 15 metre-amps of notional power (an- 
tenna current times height of antenna). As 
G3RMZ puts it: “To meet the tests meant 
batteries on trickle charge all night, built-in 
drying heaters on for days, wire antennas 
erected at the last moment with the insulators 
washed in fresh water, polished dry and 
properly warmed. What a silly charade! But 
it did drive home the force of argument of 
those who considered that the spark set 
should still be in use in lifeboats. Self drying, 
so self-healing. Splutter and hiss a bit before 
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they came up to full song, but probably 
capable of recovery from even full submer- 
sion. . . and audible whatever the listener’s 
tuning or bandwidth! What more does one 
want from a lifeboat transmitter than reliabil- 
ity to make a broadband keyed noise, the 
very tonal quality of which simply screeches 
HELP!” And, one might add, far less liable to 
initiate false alarms than the current GMDSS 
automatic satellite system which is so often 
triggered off by mistake! 

In the classic Transatlantic Tests of 1921, 
valve transmitters outperformed spark, but at 
least one amateur spark transmitter success- 
fully spanned the Herring Pond. But this feat is 
outclassed by G3BST who writes: “I was 
intrigued by the illustration of the Marconi QG 
set, as am sure were many others. Apart from 
reviving memories of long hours on watch on 
various ‘tramps’ with this transmitter and the 
MR4B receiver, itrecalled my best DX of those 
days. I was at sea for three years before WW2, 
and one night steaming rapidly (four knots!) up 
Channel at about 0200z, I was on watch. We 
were ‘navigating’ by MF D/F (the Skipper did 
not believe in night-effect). While idly listening 
on 600m, I heard ZSC Capetown give his CQ 


The 1912 station of Leslie McMichael (MXA), with a 6in spark coil, giving a power of some 
150 watts on about 275m. Thereceiver consisted of the long inductance with slider and crystal 
detector. Source ‘The Bright Sparks of Wireless’ by GR Jessop, G6JP (RSGB, 1990). 


and a QRU traffic list. I could not resist 
calling him with a TR [a TR comprises the 
name of the ship, location, next port of call 
and number, if any, of telegrams to be sent - 
G3VA]| and we had a QSO which today 
would be called 449 - though probably more 
like 442 on my part! I was probably running 
a little more than the regulation 250 watts, as 
I had short-circuited the series inductance in 
the AC supply, as experience showed that 
while this may or may not have brought the 
primary circuit to resonance as it was sup- 
posed to do, in fact you got more output with 
it shorted! It would be interesting to know if 
any other ex-sparker can beat this DX con- 
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Fig 4: Bipolar post-mixer amplifier. The 0.1pF 
capacitors are monolithic ceramic type. T1 as for FET 
amplifier. T2 5 turns of 0.4mm diameter Bicelflox 
enamel wire in single turn of coax braid. See TT 
September 1996 for method. Fairrite BN 61 302 core. 


tact. It was more than I ever achieved using 
a 5kW rotary spark set.” 

A note from the former R/O Keith Plumridge, 
GOMMA, reports using spark to communicate 
with Adelaide (VIA) as late as July 1956, after 
gales had damaged the AWA transmitter during 
avoyage in Australian waters of The Ironmaster 

(3382 gross tonnage). 


BIPOLAR & FET 
POST-MIXER 
AMPLIFIERS 

COLIN HORRABIN, 
G3SBI, passes along cir- 
cuit information on two 
post-mixer amplifiers that 
give reasonable results 
without requiring power- 
FETs with drain currents 
of some 0.3A to achieve 
third-order output 
intermodulation products 
(IP,) above 40dBm. These 
designs have come from 
Bill Carver, W7AAZ, and 
Harold Johnson, W4ZCB, 
both of whom have previ- 
ously contributed state-of- 
the-art information on top- 
ics relating to the develop- 
ment of receivers with su- 
per-linearity. G3SBI has confirmed their 
good performance. 

G3SBI writes: “These amplifiers would 
be used as the load to the hybrid-con- 
nected roofing filters-after an H-mode mixer 
to drive the high quality crystal filters for 
SSB and CW. The roofing filters normally 
govern SSB IP, performance and even more 
so on CW (my commercial IQD 250Hz 
CW filter has an input IP, of 45dBm). My 
roofing filters have an out-ef-passband IP, 
when connected together of +43dBm. The 
passband IP, is 33dBm, so ideally the 
following amplifier needs an intercept fig- 
ure above this. This can be achieved using 
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Fig 5: G3LDO’s 136kHz mixer-VXO exciter. 


power FETs, as described in TT September 
1996, but at the cost of high drain current. 
The W7AAZ/W4ZCB amplifiers described 
here are a useful compromise. 

“Fig 3 shows the FET amplifier using four 
J310s in parallel (my own version has some 
slight changes). W7AAZ has measured this 
circuit as providing 12.4dB gain, 1.12dB 
noise factor, 25dBm input IP,, 40dB reverse 
isolation at 9MHz. I constructed one of these 
amplifiers, but found I needed a different 
number of turns on the input transformer to 
obtain the match. The single source resistor 
is adjusted to give a total current of 80mA. 
This critically assumes that the J310s are 
closely matched. A better approach would 
be to have a resistor and bypass capacitor for 
each FET to set a current of 20mA in each 
device. The input and output impedances 
were slightly negative reactance, so small 
capacitors could not be added to obtain a 
50+j0 match at one frequency. 

“T found the bipolar design of Fig 4, 
using a single 2N5109 device, more inter- 
esting. Performance with 60mA collector 
current was: gain 14.5dB; output IP, 40dBm 
(could be increased with more collector 
current). The input and output impedances 
were 50+jx with very small reactances, so 
that a small capacitor could make the im- 
pedances purely resistive at 9MHz. With- 
out the capacitors, the impedance was flat 
to beyond SOMHz.” 

G3SBI also draws attention to and apolo- 
gises for an error he made in his notes in- 
cluded in the September 1996 7T. The core 
type in the power FET amplifier should have 
been Fairrite BN 61 302 and not BN 61 
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202; and also BN 43 302 and not BN 43 
202. The 202 core is actually bigger and 
should work in the circuit, but it may make 
the input compensation capacitors differ- 
ent for a resistive match. 


VXO/EXCITER FOR 2300m 

PETER DODD, G3LDO, was recently look- 
ing for a means of providing a variable but 
stable excitation for a 136kHz transmitter, 
after finding that most of the approaches used 
by the LF group involve synthesisers or 
digital dividers that seem not to work well for 
him. Then he remembered seeing a 77 item on 
a mixer-type VXO. 


10k : 


2k2  2n2 
Ba 


330p i 


200p air 
spaced 


Technical Topics 


This inspired him to develop the circuit 
described below. He writes: 

“To use this circuit depends on obtaining 
two crystals with the right frequency separa- 
tion. This is not as difficult as it might seem, 
an old VHF crystal-controlled transceiver 
may have two suitable crystals. From my 
crystals box, I found two crystals on 
10489.37kHz and 10355.0kHz, giving a fre- 
quency separation of 134.37kHz. Then I built 
two FET Colpitts oscillators, experimenting 
with lower values of feedback capacitors than 
would normally be used. This was so that the 
parallel tuning capacitor would be more ef- 
fective. This all worked, but the output across 
the frequency range varied and the scale was 
noticeably non-linear. I then tried the same 
50pF variable capacitor in series with the 
higher frequency oscillator, which largely 
overcame the deficiencies of the parallel- 
tuned oscillator. The resulting arrangement is 
shown in Fig 5, where the tuning capacitor is 
designated C1 with the small fixed capacitor 
C2 to limit the frequency range. The parallel 
capacitance C3 (not used in my final circuit) 
is used to preset the lower frequency oscilla- 
tor, should you not have crystals so conven- 
iently spaced. Cl and C3 must be air spaced. 
C2 could be a Philips type air-spaced trim- 
mer. Almost any type of FET seems to work. 
Iused some 2152s, mainly because [hada lot 
of them. 2N3819s also performed well. The 
output is around 300mV p-p. 

“In the course of deciding on a suitable 
mixer/filter, I read an e-mail from Peter, 
DF3LP, who described a basically similar 
VXO-exciter. He kindly sent mea copy ofhis 
circuit which uses 5MHz crystals (see Fig 6). 
This provided me with enough ideas to com- 
plete my exciter. Apparently the first circuit 
of this type, that I am aware of, was built by 
DJ1ZB. The main attraction of this approach 
is that if both oscillators are built in the 
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Fig 7: Window-pane single-element quad for 144MHz operation, using household 
aluminium foil mounted on cardboard. As originally described by W8AP in 1971. 


same enclosure with identical components, 
the output frequency is held constant since 
any drift in one oscillator is compensated 
for by the equivalent drift in the other. 

“My circuit is based on junk box com- 
ponents, yet over a three hour period the 
measured drift was only from 137.6530kHz 
to 137.6524kHz, less than 1Hz.” 


HI-Fl & SOLID-STATE 
THE RECENT 77 items on the differences in 
audio quality between thermionic and solid- 
state hi-fi amplifiers has prompted E A Rule, 
G3FEW, to express his firm belief in the 
superiority of MOSFET amplifiers. G3 FEW 
was for 25 years the chief design engineer for 
Armstrong Audio Ltd and later a consultant 
audio engineer. In 1979 he designed a stereo 
amplifier using the then new Power 
MOSFETs produced by Hitachi. Full details 
of this amplifier, called ‘The Winton’, were 
published in Practical Wireless (March, April 
and May, 1979) and many hundreds were 
produced from kits. 

G3FEW writes: “The early 
transistor amplifiers used bi- 
polar output devices. These 
required a wide area of safe 
operation to achieve reliabil- 
ity and a large gain-band- 
width product so that large 
amounts of negative feed- 
back could be used at the 
higher audio frequencies to 
reduce distortion. They also 
had a positive temperature 
coefficient, which meant that 
thermal runaway was a pos- 
sibility. As bipolar transis- 
tors are minority carrier de- 
vices, they suffer from stor- 
age effects at high frequen- 
cies. This can cause the most 
objectionable distortion. 
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They were 
mainly operated 
in class B, and 
although various 
methods were 
used to over- 
come the prob- 
lems this caused, 
nearly all tran- 
sistor amplifiers 
suffered from 
‘cross-over’ dis- 
tortion to some 
degrees *These 
various distor- 
tions led to what 
became known 
To as ‘transistor 
sound’. Even 
very small 
amounts of 
cross-over dis- 
tortion caused objectionable sound qual- 
ity, when compared with valve amplifiers. 
This form of distortion could not be 
overcome by using large amounts of nega- 
tive feedback. This, coupled with a poor 
“slew rate’, caused transient distortions as 
well, adding to the objectionable ‘transis- 
tor sound’. At Armstrong we largely over- 
came this effect in the later Series 600 
amplifiers, by using transistors with a wide 
bandwidth and by forward-biasing the 
output stages to the point where cross-over 
distortion was almost completely removed. 
However, it was still very difficult to equal 
the very best valve amplifiers of the time. 
“My 1979 design using Hitachi Power 
MOSFETs completely overcame the distor- 
tion problems associated with bipolar tran- 
sistors, and was widely praised for its purity 
of sound. . . The 7T comment regarding 
supersonic and VHF/UHF parasitic oscilla- 
tion in transistor amplifiers did not apply to 
the Winton amplifier, which proved com- 
pletely stable under all conditions ofuse. The 
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MOSFETs were almost indestructible, I 
have seen a piece of wire shorted across 
the output, glowing red with the full power 
applied, with no damage to the MOSFETs. 

“Many hundreds of these amplifiers were 
produced from kits and no problems encoun- 
tered in repeating the performance specifica- 
tion, provided they were built as instructed. 
Personally I was surprised that more hi-fi 
manufacturers did not adopt the power 
MOSFET. As the designer of the Winton 
amplifier, I suppose I may be biased in its 
favour, but I do not believe that many other 
amplifiers produced such a pure sound. 

“Note the very low intermodulation prod- 
ucts, even at full power with complex loads 
using a two tone test. The total intermodulation 
measured over a 50kHz bandwidth was still 
less than 0.1% with 30V peak output across 
a complex load. The worst case harmonic 
distortion was below 0.02% at all frequencies 
from 20Hz to 20kHz, at all power levels up 
to a maximum of 50 + 50 watts. 

“Yes, there is a difference in the sound of 
valve versus transistor amplifiers, but I be- 
lieve a MOSFET design can outperform 
them both!” 

I cannot comment on the stability of 
G3FEW’s Winton amplifier, but would not 
wish readers to assume that power 
MOSFETs, HEXFETs or plain FETs are 
always inherently free of destructive para- 
sitic oscillations, unless precautions are 
taken. PAOSE discovered this with the de- 
struction of a series of HEXFETs in the 
original version of his 136kHz transmitter, 
before fitting 120Q gate resistors as para- 
sitic suppressors. 


TUNED LOOPS & VHF/UHF 
LOOPS 
I HAD THOUGHT that the February 77 
item (pp77-78) on compact HF tuned loop 
transmitting antennas would put this topic 
to rest at least for a time. However, the item 
had been written before receiving a letter 
from Dr Jack Belrose, VE2CV. 
His letter, originally directed 
to John Crabtree, went a long 
way to explaining the reason 
why the measured bandwidth 
of a compact loop is signifi- 
cantly larger than would be 
expected from calculating the 
Q of the loop on the basis of 
the ohmic losses. He feels that 
the prime reason for this dif- 
ference arises from the differ- 
ence between the unloaded 
(theoretical) antenna band- 
width and the loaded opera- 
tional bandwidth - and that 
discussion of eddy current 
losses in the February item is 
largely a red herring. 

To quote very briefly from 
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his long letter: “G3LHZ has noted that the 
Q values measured by SWR and antenna 
bandwidth methods are much lower than 
predicted by the traditional loop radiation 
formula. But this is to be expected. . . 
When we measure bandwidth by measur- 
ing SWR, we must remember to take into 
account the effect of the output impedance 
of the RF power amplifier, since for maxi- 
mum power transfer the output or source 
impedance is the complex conjugate of the 
antenna’s impedance (reference Belrose, 
VE2CV, Maxwell, W2DU and Rauch, 
W8J1, Communications Quarterly, Fall 
1997, pp25-40) - and while not represent- 
ing a loss, the source impedance (for 
narrowband antenna systems) increases 
the bandwidth of the antenna system. The 
operational bandwidth can theoretically 
be double the antenna bandwidth, but in 
practice the realized operational bandwidth 
is somewhat less (in my experience the 
increase in bandwidth is by a factor some- 


what > 1.5... For AMA-2 the measured . 


operational bandwidth is greater than the 
antenna’s bandwidth by a factor of about 
1.7. The operational Q is lower than the 
antenna Q by this same factor.” 

It needs to be emphasised that the rela- 
tively low overall radiation efficiency of 
small transmitting ‘magnetic’ loop anten- 
nas arises from their electrically small di- 
mensions, and that a large loop (for exam- 
ple a quad element) is a highly efficient 
radiator. On VHF/UHF a resonant or near- 
resonant loop antenna can provide a com- 
pact and attractive system. A useful form 
of indoor 144MHz antenna, comprising a 
quad element formed from household alu- 
minium strip, stuck to a card and mounted 
on a window pane, has been described 
before in 77: Fig 7. Construction is roughly 
as follows: Cut a piece of aluminium foil to 
the outside dimensions, and a piece of 
cardboard of the same size. With lin mask- 
ing tape, fasten the foil and cardboard 
sheets together on the window. Cut the 
inside of the foil out with a razor, taking 
care not to go through the cardboard and 
scratch the window. Then tape the inside 
edge of the foil to the cardboard, leaving 
the 2in slit free of tape. The quarter-wave 
matching transformer reduces the feed- 
point of about 100Q to match the 50Q co- 
ax feeder. The antenna, when arranged as 
shown, results in vertically polarized sig- 
nals; if it is moved around through 90° so 
that the feed point is at the bottom of the 
square, the signals will be horizontally 
polarized. Mount on a window broadly 
facing the most desired direction; the win- 
dow glass will give little attenuation and 
results outwards should be much the same 
as an outdoor quad element antenna 
mounted at the same height. This form of 
construction could also be used to experi- 
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Fig 8: Switching arrangement for selecting series 
or parallel heater connection. S1 is a DPDT switch 
suitable for switching several amperes. For two 
6146B valves and 12.6V supply, use series mode. 
For two 6883B valves, use parallel mode. 


ment with fractal designs. There is plenty 
of room for further exploitation of loops 
on VHF/UHF. 

Colin Harlow, G8BTK, writes: “For many 
years I have experimented with various forms 
and types of antennas for VHF and UHF. 
This interest more than paid off, as some eight 
years ago we moved into a small flat with no 
possibility of an outdoor or loft antenna. 
Accordingly I have constructed, for various 
applications, many types, shapes and sizes of 
antennas suitable for use indoors. 

“My main 50MHz antenna is a 20in loop of 
9.5in wide cooper strip over a 48in square 
ground plane, mounted ona microphone stand. 
The loop is horizontally positioned over the 
ground plane. I have worked more than 30 
counties and over 150 squares covering from 
North Africa to North Norway, Stornaway, 
etc, using a genuine 9 watts SSB from an 
FT680R. 

“For 144MHz, a 6in diameter loop of 3.5in 
wide copper strip is used , with a tube 19.5in 
long and 3in diameter of wire mesh in addi- 
tion. Also in use are some resonant ‘delta- 
type’ loops for 50 and 144MHz and flat 
resonant ‘discs’ for 144MHz and 70cm. These 
antennas may be mounted for either hori- 
zontal or vertical polarization. Some of 
these are shown in the photo opposite. 

“T feel that small loops for the VHF/UHF 
bands could help many people who, like 
myself, have no hope of erecting antennas 
other than indoors - in my case at the end of 
my bedroom!” 


HERE & THERE 

BOB MAY, K4SE, in the ‘Hints & Kinks’ 
column of OST (February 1999, p70) notes 
that the popular RF power valve type 6146B/ 
8298A, still widely used in many of the 
valve and hybrid transceivers designed in 
the 1960s and 1970s is, apart from the heater 
ratings, identical to type 6883B/8552 which, 
at least in the USA, is available at much 
lower cost. Whereas the 6146B heater re- 
quires 6.3V at 1.125A, the 6883 is rated at 
12.6V, 0.625A. Since a number of hybrid 
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transceivers fitted with the 6146B use the 
12BY7A as the driver, the heater supply is 
often 12.6V with the heaters of the two 
6146B PA valves connected in series. K4SE 
notes that this is true of the Kenwood TS- 
530S and TS-830S, Collins KWM-2, Heathkit 
SB-102, some Yaesu models such as the FT- 
901, FT-902, and FT-101ZD series (but not 
early FT-101 models, which used TV line- 
output valves). I would add that the fully- 
valved KW2000A (and presumably the 
KW2000B etc) has a 12V heater supply, but 
one would need to be careful, since all the 
valve heaters are arranged so that a current 
balance is achieved giving 6.3 + 6.3V rails, 
and this would be unbalanced by simply 
wiring the PA valves across the 12.6V sup- 
ply. K4SE notes that with the switch arrange- 
ment shown in Fig 8 it is possible to select 
between series or parallel connected heaters, 
to enable you to fit either type of valve (but 
be sure the switch is in the series mode when 
using 6146B valves!). 

Steve L Sparks, NSSV (OST, February 
1999, p34), describes an inexpensive RF cur- 
rent probe that can be built in a few hours: 
Fig 9. With the values shown, his unit has a 
half-scale-reading sensitivity of 0.2mA 
(10mW) into 50Q at frequencies from 1.8 to 
30MHz. By using a more sensitive meter (eg 
50.A FSD) sensitivity coyld be improved. 
To use the probe, simply snap the core 
around the conductor you’re checking and 
adjust the sensitivity control for a usable 
reading. The probe can be used to check RF 
current distribution in antenna elements, 
open-wire feed lines, guy wires and other 
conductors or, if bitten by RF in the shack, to 
help resonate the station’s earth wire. For 
this, snap the probe around the earth wire, 
connect a variable capacitor (broadcast set 
type can be used) between the earth wire and 
your equipment connection and transmit 
using just enough power to obtain an indica- 
tion on the meter. Then tune the variable 
capacitor for maximum meter deflection. It 
may take some trial and error to find the 
correct series capacitance, and it will be 
frequency conscious, but can cure help cure 
RFI problems, etc. 4 


Current-carrying 
conductor 


©rsee RC2237 | 


* See text 


sensitivity 


Fig 9: RF current probe as described by N5SV in 
QST.C10.1y)F disc ceramic. D1-D41N34 germanium 
diodes (do not use silicon). L1 single turn of 14- 
gauge wire through snap-on ferrite choke (RS273- 
105). M1 0.1mA or greater sensitivity. R1 panel- 
mount pot, 100 to 500Q (N5SV used a 10-turn pot). 
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HISTORICAL MISCELLANY 
WITH THE PIONEERING work in practi- 
cal radio communications now extending over 
a century, recent years have seen renewed 
efforts to identify and evaluate many of the 
significant steps along the way. While the 
history of the main active devices - thermionics 
and solid state - have received much attention, 
less regard has been given to the development 
of the many passive components on which all 
electronic equipment depends. An exception 
is “Components: a Personal View’ by GWA 
Dummer (The Newcomen Society Transac- 
tions, Vol 68, 1996-97, pp29-51, read at the 
Science Museum, 13 November 1996). This is 
introduced as follows: “Not one electronic 
invention - radio, radar, television, the tel- 
ephone, the computer, etc - could have existed 
without the development of passive compo- 
nents. Sometimes known as the ‘building 
bricks’ of electronic equipment, they have 
been the cornerstone of electronics develop- 
ment over the last 200 years. During the last 50 
years, until recently, they have been manufac- 
tured in huge quantities and in bewildering 
varieties. . . It is not possible to record a 
complete and detailed history because of, in 
some cases, the passage of time, and, in others, 
conflicting claims. . . this paper represents his 
personal views on the discovery, development 
and decrease of passive electronic compo- 
nents in the UK over the last 200 years.” In a 
masterly survey, this recognised expert covers 
everything from resistors, capacitors, batteries, 
relays, transformers, iron dust cores, to stand- 
ardisation, miniaturisation, reliability, 
maintainability, transport hazards, mechanical 
shocks, vibration, storage, low temperatures, 
high temperatures, humidity, high altitudes, 
resistance to nuclear explosions, the influence 
of assembly techniques on components, reli- 
ability evaluation and statistics, etc. Fig 1 shows 
some early component layouts, illustrating the 
transition from the early breadboard to the 
completely screened metal chassis (roughly 
1920 to 1940). 

Although it was not until the 
development of the valve oscilla- 
tor that an effective method of gen- 
erating continuous waves became 
available to amateurs, it should not 
be forgotten that two earlier non- 
valve systems were developed and 
exploited for early telephony and 
commercial telegraphy. The “HF’ 
alternator in the early years of the 
Century made rapid progress but 
was limited to frequencies below at 
most 100kHz, with Fessenden us- 
ing one at 80kHz to make the first 
‘broadcast’ from Brant Rock in 
1906. It was subsequently further 


Fig 1: Early component layouts, showing the transition from the early 
breadbroad to the completely screened meta! chassis. 
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developed by Alexanderson and then with a 
different approach by Goldschmidt, whose 
machines could provide up to 100kW for 
commercial telegraphy service. 

But there was also the ‘singing arc’, origi- 
nated in the UK by William Duddell but then 
much improved by the Danish engineer 
Valdemar Poulsen and often known as the 
‘Poulsen arc’. This, like the HF alternator, was 
widely used for high power commercial VLF/ 
LF telegraphy, but was also the basis of a 
number of relatively low power telephony 
equipments, up to about 100 watts, used by 
Lee de Forrest and others in the period up to 
about 1912. A detailed article ‘The Arc Method 
of producing Continuous Waves’ by William J 
Byron, W7DHD appears in Communications 
Quarterly, Summer 1998, pp47-65. 

In the UK the credit for being the first 
experimental ‘amateur’ is usually given to the 
young Lt MJC Dennis (later Colonel Dennis, 
EI2B), who set up a station at Woolwich Arse- 
nal, London, in 1898. However, Berj J 
Ensanian, K3IU, has recently sent me the 
typescript of an article he has written ‘The 
Grandfather of Amateur Radio’, in which he 
notes how a Leslie Miller, AIEE, wrote an 
article ‘The New Wireless Telegraphy - Some 
Interesting Experiments for Amateurs’ pub- 
lished in the January 1898 issue of the London 
magazine The Model Engineer and Amateur 
Electrician. K31U writes “This article persua- 
sively invites the readership to begin wireless 
telegraphy experiments, and tells precisely 
how to get started . . . I believe it is hard not to 
consider Leslie Miller as the clearly identifiable 
‘Grandfather of Amateur Radio’.” 

Through a friend, K3IU obtained from the 
London offices of the Model Engineer a pho- 
tocopy of the original article which begins: 
“When amateur electricians read in the daily 
papers that a special grant of money was asked 
for in Parliament for carrying out the experi- 
ments with Marconi’s apparatus for signalling 
without line wires, and that a skilled staff had 


Metal chassis 


Early metal chassis 
(screened grid valve) 


complete screening ©nsea nozisr 


ics 


all the resources of the British Post Office at 
command, they probably thought trials on 
their own account were out of reach. The 
object of this paper is to prove this is not the 
fact; that the apparatus employed is of a char- 
acter easy to construct, and experiment with, 
though it may be difficult to understand ex- 
actly the causes that produce visible results. . . 
Those readers who have induction coils with 
spark pillars and rods can screw round balls on 
to the ends of the rods and spark to a large 
central ball, or to the two balls, in case they are 
not frightened by Marconi’s patent claims, 
valid or otherwise”. Much of the article is 
devoted to a discussion of the claims in Marco- 
ni’s patent which Leslie Miller suggests “had 
largely all been anticipated in various parts of 
the world without his knowledge, but he has, in 
sporting language, forced the pace, and done 
good work from which he deserves to benefit.” 
Millar believed that “commercial interests were 
about to harvest financial gains from seeds 
they did not sow . . . and it will not be Professor 
Branly who will benefit financially by his 
discovery of the coherer.” 

K3IU (Berj N Ensanian, KI3N, 512 Grier 
Street, Willaimsport, PA 17701, USA) is 
anxious to discover more about Leslie 
Miller. Was he British or American? Was 
he the LB Miller who took out a British 
patents in 1897 on coherers? Is there a 
photograph of him in existence? K3IU 
hopes that further information may emerge 
about the man whom he considers the 
‘Grandfather of Amateur Radio’ and whose 
article was not ‘only clearly directed at 
encouraging the rise of a corps or commu- 
nity of amateur wireless experimenters but 
also gave so much detailed advice on how 
to get started, including advice on build- 
ing transmitters and receivers. It seems 
entirely possible that it was his article that 
encouraged Lt Dennis to set up his station 
in London and there may well have been 
others in that fateful year of 1898. 

A lightning visit to the old 
Patents vaults at British Library 
Science & Reference Section at 
Holborn (soon to move to the 
new British Library building in 
Euston) provided answers to 
most of K3IU’s questions. Leslie 
Bradley Miller of 2 Gray’s Inn 
Road, London, Electrical Engi- 
neer, applied for a British Patent 
on 16 December 1897 and this 
was granted on 15 October 
1898. His Patent claims three 
improved forms of coherers: 
“My improvements relate to the 
receiving instruments used in 
Hertzian wave telegraphy, 
known as coherers, and espe- 
cially to methods of decohering 
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Fig 2: Trembler arrangement illustrated in the 
Patent. 


the same. . . The coherer may be in the 
form of a metal tube with a central insu- 
lated wire passing through, or the coherer 
may be pivoted so as to be rotated by the 
motion of a solenoid core or by the expan- 
sion of a wire under the influence of an 
increase of temperature.” Dr VJ Phillips in 
his book describes a large number of 
coherers and includes illustrations of both 
Miller’s bell trembler and rotating systems 
for decohering the filings. Fig 2 shows the 
trembler arrangement illustrated in the 
Patent. : 


FRACTAL & LOG PERIODICS 
UPDATE 

FRACTAL ANTENNAS have figured promi- 
nently in recent 77s (April and June 1998, and 
January 1999) and I note that by the time these 
notes appear a poster paper ‘Printed fractal 
antennas’ will have been presented at this 
year’s ‘IEE Conference on Antennas & Propa- 
gation’ (University of York, 31 March to 1 
April) by R J Langley and R Breden of the 
University of Kent, showing that investigation 
into these antennas has spread across the At- 
lantic. 

Meanwhile, Professor ‘Chip’ Cohen, NIIR, 
of Boston University, who has done so much 
to develop fractal antennas, writes: “Research 
continues to be heated at the fractal front. 
Although most hams have an especial interest 
in the shrinking ability of fractals as antennas, 
another salient aspect has been resolved which 
is most likely to affect much antenna use in the 
future. 


“Dr Hohlfeld and I have just published an 
article in the journal Fractals, effectively revis- 
iting the notion of what makes a log periodic 
frequency independent, that is, having the 
same gain, impedance, and pattern over a large 
wavelength range. I had previously shown that 
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Fig 3: Equivalent circuit of a 455kHz ceramic 
resonator, as found by G3JIR. 


248 


very broad bandwidths are ascribable to all 
fractals, but many were confused why there 
was changing gain over the very broad band- 
width. 

“The new surprise is not that log periodics 
are fractal (a point I first published in the 1995 
Communications Quarterly article) but that 
everyone missed, for over 42 years, the true 
motivator of this important antenna behavior. 
We find that Maxwell’s equations require that 
an antenna has symmetry about a point of 
origin and self-similarity (of fractals), in order 
to be frequency independent. Log periodics 
become strictly a subclass of the overall family 
of frequency independent - fractal - antennas. 
Commensurately, not all fractal antennas will 
be frequency independent. The origin symme- 
try is just as vital, an “A and B’ situation. 

“What this leaves us with is a huge variety of 
potentially useful frequency independent an- 
tennas - which are not log periodic. We have a 
new era of antenna development ahead of us 
for frequency independence - and a new inde- 


- pendence from log periodic construction con- 


straints.” 
It was the introduction of the non-harmoni- 
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G3JIR writes: “I have been watching with 
some interest the multiplying applications of 
ceramic resonators. A couple of years ago, 
following a 7T note on their use in VXOs, it 
occurred to me that they could possibly be 
suitable for use in ladder filters at 455kHz. 
Measuring their parameters revealed equiva- 
lent capacitance values which appeared dis- 
tinctly large when compared with quartz crys- 
tals, but which proved extremely useful when 
applied to a ladder filter. Because of the differ- 
ence between the mechanical properties of 
quartz and the ceramic material used in these 
resonators, it is possible to produce filters 
having much wider bandwidths than is possi- 
ble using quartz crystals. Some typical details 
and values for an eight-pole filter are shown 
are shown in Fig 3, Fig 4 and Fig 5. 

“When a batch of resonators was tested it 
was found that these devices are manufactured 
to have their parallel resonance at 455kHz [but 
see later - G3VA]. As a consequence the series 
resonance is not tightly specified. My batch 
had a spread over the range 13.2 and 15.2kHz 
below the parallel resonance. The Dishal ap- 
proach to the design of filters, which I de- 
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Fig 4: High-performance SSB ladder filter using eight ceramic resonators. All capacitors polystyrene. 
Values shown are as calculated. Actual values selected within 0.5%. A detailed selection procedure will 
be described in an article to be submitted by G3JIR to RadCom. Ceramic resonators are Maplin UL51R 


CSB455E. 


cally related WARC bands at 18 and 24MHz 
that gave amateurs a special interest in fre- 
quency-independent antenna arrays and in- 
duced a number to tackle the by no means 
insignificant problems of constructing large 
periodic arrays, with their need for many ele- 
ments in order to obtain forward gains compa- 
rable to those provided by far fewer Yagi 
elements. Ifit proves in practice that new forms 
of fractal antennas can provide similar fre- 
quency independence with or without signifi- 
cant forward gain but without so many con- 
structional constraints, then indeed the new 
work by NIIR and his colleagues would seem 
to open up most interesting possibilities. 


LADDER FILTERS USING 
CERAMIC RESONATORS 

THE APRIL 77 item based on work by Jan- 
Martin Noeding, LA8AK, on the application 
of ceramic resonators to low-cost bandpass 
filters resulted in an interesting letter from Jack 
Hardcastle, G3JIR, (who did so much work on 
ladder filters using quartz crystals) and also a 
follow-up report from LA8AK on further work 
in this field. 


scribed in 1983 (‘Computer-aided Ladder Crys- 
tal Filter Design’ by J A Hardcastle, G3JIR, 
RadCom, May 1983, pp414-420), assumes a 
batch of crystals having essentially identical 
series resonance. This is then systematically 
stagger-tuned by inserting series capacitance. 
Because of the wide range of series resonance 
found in ceramic resonators it was not possible 
to achieve the required amount of offset by 
inserting precalculated values of capacitance. 
Instead each resonator needed to be tuned 
individually. Despite this, it was found possi- 
ble, if little tedious, to produce a quite respect- 
able SSB filter. However, having satisfied 
myself of the feasibility of this approach, I 
decided that because of the extra work in- 
volved compared with designs using crystals, 
I would file this work away in my folder 
labelled “it seemed like a good idea at the time!’ 
- at least until I found a definite application. 

“That time seems now to have arrived. 
Inspired by the ‘Emma’s Challenge’ (see 
RadCom, November 1998, p8) the filter de- 
sign has been dusted off and revived. Be- 
cause of the severe cost constraints, the “Chal- 
lenge’ seems to rule out using commercial 
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Fig 5: Measured performance of G3JIR’s eight- 
resonator 455kHz SSB ladder filter. 


crystal filters. I felt it was worth looking 
again at the possibility of using ceramic 
resonators in a filter sufficiently wideband 
to be suitable for NBFM. Fortunately their 
series resonance characteristics made this 
possible and I hope shortly to submit to the 
RadCom Editor details of an IF amplifier 
incorporating a ceramic ladder filter suit- 
able for 12.5kHz channel-spacing receiv- 
ers, which should find application in the 
modification of older VHF receivers to 
make them suitable for the new channel 
spacing. 

“While seeking to uncover previous 
work in this field, the only paper I could 
locate was ‘Design data for band-pass lad- 
der filters employing ceramic resonators’ 
by RCV Macario, Electronic Engineering, 
March 1961, pp121-127 [Dr Macario, 
GW8SRW, at the University of Swansea, 
has long been active in MF/HF/VHF projects 
and is a past contributor to TT - G3VA]. His 
design uses both shunt and series resona- 
tors, and so achieves a symmetrical fre- 
quency response. Unfortunately, ce- 
ramic resonators are currently only avail- 
able at very few frequencies, so I am 
unable to reproduce his designs.” 

LA8AK, writing without being aware 
of G3JIR’s work in this field, notes that 
while some ceramic resonators are speci- 
fied for their parallel resonance some 
others are specified for their series reso- 
nance. He also draws attention to the 
problem of a spurious response at be- 
tween 1.5-2 times the filter frequency. 
He writes: “It does not seem a good idea 
to build your own 455kHz ladder filters 
using ceramic resonators, but rather for 
those frequencies where suitable filters 
are not commonly available or too ex- 
pensive. One such application is a 
500kHz USB filter for use in some 
Collins receivers. I have now found a 
better configuration for the bandpass 
filter shown in the April 77: Fig 6. 

“Tt appears that the CSB250D is speci- 
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fied for its parallel resonance, but uic 
CSBS00E3 for its series resonance.” 

Fig 7 shows a 500kHz ladder filter using 
four Murata CSBS00E3 ceramic resonators 
with a -3dB bandwidth of 2.5kHz (with 2000pF 
capacitors, 5kHz with 1000pF capacitors). At 
-40dB the 2000pF filter has a bandwidth of 
about 14kHz). However there is a spurious 
response at 724.42kHz of -40dBr. Similar work 
by LA7MI also found a spurious response, 
leading LA8AK to feel that such filters should 
not provide the only selectivity in a receiver. 

However, using a 243kHz ladder filter 
in his LF receiver enabled him to build “an 
impossible” design with 243kHz RF input, 
250kHz IF and only 7kHz local oscillator 
frequency, resulting in an “incredible” 
80dB IF rejection, but with a low imped- 
ance, since a 22nF capacitor has a reac- 
tance of -j35. 

This month there is space to provide 
only the bare bones of LA8AK’s latest 
report, but it is hoped that the combined 
notes on work by G3JIR, LA8AK and 
LA7MI, will encourage others to develop 
ladder filters using ceramic resonators, 
despite some of the problems outlined 
above. 


GETTING GOING ON 136KHzZ 

LAST YEAR Ron Kaye, G6RO, in Shipley, 
West Yorkshire, began to wonder what 
could be heard on 136kHz. He switched 
on his only receiver covering this band, an 
ancient Marconi B28 (CR100-series). He 
had to switch the IF passband to 300Hz to 
eliminate the strong signals on either side 
of this new amateur band. He was then 
thrilled to receive weakly EIOCF on Malin 
Island in the beacon mode and then a few 
days later G3KEV in Scarborough. The 
bug had bitten. He decided to have a go at 
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Fig 7: LA8AK’s 500kHz filter using four CSB500E5 
resonators with 75ohms input and output. Bandwidth 
about 20Hz, attenuation 23.1dB. 


136kHz operating. He writes: “Having 
enjoyed 15 years of borrowed time, I knew 
it would have to be something quick and 
easy. The antenna system would be the 
main difficulty. My days of scrambling 
about on roofs, climbing trees and shin- 
ning up masts were over. I would have to 
use an existing antenna. I also recognised 
that I could not cope with gigantic inductors 
in my tiny shack or enormous loading 
coils at the foot of the mast. I had a 40m 
long-wire antenna which I can convert to a 
form of vertical by dropping a wire from 
the top of the 12m mast and connecting it 
at the base to an earthing system of four 
copper earth rods, each connected to a 
buried radial wire. This system, end fed at 
the shack end, has always served me well 
on the lower frequency bands. 

“It occurred to me that it might be pos- 
sible to make the system work as an earthed 
loop, which might then form an integral 
part of the PA tank inductance of a valve 
transmitter, avoiding the use of large 
inductors, ATUs and matching systems. 
From my junk box I took several 807 beam 
tetrodes, a three-gang variable capacitor 

in solid brass made by GEC in the ’twen- 
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Fig 6: Ceramic-resonator filters built by LA8AK. (a) 
250kHz CW filter with a bandwidth of 60Hz. (b) With the 
CSB500, C1=1000pF, centre frequency 513kHz, C2=47pF, 
F=512KHz, Z-input 300Q, 4dB loss in bandpass, C4=0.5 or 
5pF. (b) 243kHz filter with 75Q input and output using 
CSB250D. 


ties, some high-voltage 2000pF mica 
capacitors made by Muirhead, and an 
excellent RF choke and its associated 
blocking capacitor taken from the PA 
stage of an Air Ministry wartime T1154 
transmitter. Finally, a very ancient ‘Ad- 
vance’ signal generator.” Fig 8 shows 
the early form of his transmitter using 
an 807 PA. 

G6RO chose to use valves rather than 
MOSFETs, since he had no PSU suit- 
able for them, but did have quite a lot of 
RF power valves and could take the 
power supply from a 26-year-old FT101 
via the accessories socket. Incidentally, 
the FT101 was the only commercial rig 
he had ever owned. Now, on 136kHz, 
he feels he is back in ‘real’ amateur 
radio. More recently he has replaced 
the 807 PA valve with two QQV06-40s 
(double beam tetrodes) in parallel, 
driven by a QQV03-10, generating 
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Fig 8: G6RO’s ‘getting-started’ transmitter for 136kHz. Input from signal generator. The slug-tuned coil 
L1 came from an old TV. Feeding the input half-way down the coil gave a better impedance match. It is 
absolutely essential that the anode blocking capacitor should be of first class quality, as in case of failure 


the HT would short-circuit across the antenna. 


about 110watts RF. With a current flowing 
in the antenna of some 5A now - only 
modest power for 136kHz - he has made 


many contacts on the band over the past | 


months. 

Originally G6RO built a large experi- 
mental inductance, comprising some 100 
turns of 22 gauge plastic-covered wire, 
wound on a plastic liner from an old kitchen 
waste bin, tapped every 10 turns. The 
grounded loop antenna was connected in 
series with this temporary PA tank coil, 
initially with the full inductance in series 
with the antenna. There was no difficulty 
in dipping the PA to resonance. The cur- 
rent flowing through the external 
loop was measured with an RF 
ammeter. The temporary induct- 
ance was then progressively re- 
duced, retuning to resonance and 
noting the current at each stage. As 
the external loop antenna made a 
larger contribution to the total in- 
ductance, so the current flowing 
through it increased. The anode 
current at resonance also increased, 
showing that the PA was being 
more effectively loaded. Eventu- 
ally more capacitance had to be 
added, by connecting the 2000pF 
capacitors across the three-gang 
variable capacitor. By trial and er- 
ror the optimum values of capaci- 
tance and inductance were found. 
At this point only ten turns of the 
inductor were needed. It was 
therefore dispensed with and re- 
placed by an old variometer from 
the ATU of a Nol9 Army set. 
With this arrangement it was pos- 
sible to tune very exactly for maxi- 
mum current in the loop, at that 
time 2.2A with the 807 PA (an- 
ode current 85mA at 700V, giv- 


a ae detail 
B 


3 


Radials and earth 
rods under floor (a) 


added a lightly buried earth return to mini- 
mise the losses due to earth resistance: see 
Fig 9 which also shows the modified output 
tank circuit. This resulted in a significant 
increase in the antenna current with the 
changed PA valves, and is now about 5A.. 

G6RO believes that the only matter of 
general interest is his antenna and the method 
of feeding it. However, I feel that readers 
will also be interested in his way of setting- 
up his valve-type transmitter and his use of 
a B28 receiver on 136kHz, aided by a well- 
stocked junk box of an earlier era. I rather 
doubt that his set-up meets current harmonic 
suppression standards, but with the low ERP 
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ing a DC input of 60W). In the 
succeeding months, G6RO has 


250 


Fig 9: G6RO’s 136kHz antenna system and current transmitter output. 
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on 136kHz that should not prove a problem 
in practice! 


BATTERY-ASSISTED NATURAL- 
ENERGY POWER SOURCES 

AN INCREASING number of amateurs operate 
transceivers in locations remote from mains power, 
particularly boat owners and those interested in 
operating with naturally generated energy such as 
solar power or wind power, etc. Ten years ago, at 
a club junk sale, Roger Wilmot, G4PEY, was 
fortunate to obtain for just £13 a Solex photo- 
voltaic array that can supply up to 17 watts (1A at 
17V maximum). This was well suited to the 
charging of a 12V vehicle battery. The main 
problem, however, even with a large capacity 
accumulator, is that the battery cannot supply 
13.6V for very long with loads of between 1.5A 
(receive) and 20A (transmitting). 

For several years, G4PEY overcame the volt- 
age shortfall of a single battery by connecting two 
65Ah accumulators in series, delivering more 
than 24V, using a series pass design with an 
LM317K to regulate the output to a nominal 
13.6V. This unit was well suited to contest use and 
capable of supporting a transceiver for between 2 
to 4 hours depending on the receive/transmit duty 
cycle. A limitation was that he could not use his rig 
while the batteries (connected in parallel) 
were being charged. There was also signifi- 
cant heat dissipation and power losses through 
the series regulator to contend with. 

Recently he decided to rationalise his ar- 
rangement, in part to use a step-up switching 
regulator IC, an idea he had first seen in TT 
(October, 1997, p77). He also 
decided to change the battery 
configuration to a 12V battery 
in series with a 6V battery, thus 
reducing the input from around 
24V to about 18V and signifi- 
cantly reducing heat and power 
losses. At the same time he 
increased the capacity of both 
batteries to 100Ah. 

The outcome was the system 
shown in Fig 10, in which the 
first part performs solar input 
control and battery regulation 
functions based on _ the 
LM2577T-Adj device. This IC 
uses few external components 
and achieves better than 80% 
efficiency as a DC-to-DC in- 
verter. It is capable of support- 
ing output currents up to 3A, 
has a soft start mode, internal 
protection against overcurrent, 
thermal limiting and 
undervoltage lock-out - char- 
acteristics well-suited to power 
generated by photovoltaic so- 
lar energy [or wind generators, 
etc - G3VA]. 

This part of the unit steps-up 
any input voltage between 3.5 
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Fig 10: G4PEY’s solar array step-up inverter and battery charge regulator, together with regulator for 
the transceiver. The circuit uses a LM2577T-ADJ chip to step-up a solar-generated input voltage in the 
range 3.5 to 17V, with the output regulated to 20.3V to charge 12V + 6V batteries in series. The second 
part of the circuit regulates the output from the batteries to 13.6V with overvoltage protection. 


and the 17V maximum from the solar array, 
producing a regulated output voltage at up to 
1A. G4PEY settled on 20.25V as the opti- 
mum charging voltage, representing 2.25V 
for each of the nine accumulator cells. These 
were of the non-spill, gel-filled type, which are 
easily damaged by bubbling or overcharge. 
Another benefit of this regulator is that at night 
the batteries cannot discharge back through 
the photovoltaic cells. The IC is supported by 
a Schottky diode. There is an insignificant 
discharge of about 4A lost via the feed-back 
resistors Rl and R2, which is no problem. A 
major benefit of the new arrangement is that 
with both batteries in series, they can be charged 
and used at the same time, increasing operating 
duration and much reducing the complexity of 
the original switching. 


G4PEY stresses that it is important to ensure that 
the batteries are well fused and treated with a great 
deal of respect, in view of the very high current 
potentially available from them. In practice he 
has found regulation to be better than on some 
commercially-available PSUs, with an efficiency 
better than 80%. The circuit diagram shown is of 
G4PEY’s final version, which is proving entirely 
satisfactory. He hopes that the design may be of 
interest to amateurs remote from mains power 
such as boat owners or anyone interested in 
operating from naturally-generated energy 
sources. 


HERE & THERE 
HARRY LEEMING, G3LLL, adds to the hints 
on handling the fragile locking cores of old- 
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style coil formers (77, April 1999, pp 57-58). 
He writes: “My tool kit would not be complete 
without a candle. I do not know the dielectric 
properties of candle wax, but I have never 
found a drop of candle wax to do any harm 
when using it to lock cores. Its big virtue is that 
it only needs warming with a soldering iron to 
become a lubricant, and it then makes cores 
easier to turn, instead of jamming them up. 
Rubber bands are not to be advised. Some 
twenty years ago, Yaesu used rubber bands to 
lock the driver cores in the FT401, and these 
cores are now usually impossible to move. 
Fortunately, in these sets, the antenna and RF 
cores are locked only with wax which can 
easily be melted. The trick then is to peak the 
driver coil with the preselector, and then to tune 
the latter two coils to the same frequency.” 
In these days of multiplying satellite systems 
for digital mobile phones and paging, it is 
perhaps reassuring to hear at the IEE Collo- 
quium on ‘Frequency Selection and Manage- 
ment Techniques for HF Communications’ 
(March 1999) of an ingenious short-data mes- 
sage system for mobile units (truckers, etc) 
currently established by Terion (also known as 
Flash Comm Inc) throughout the United States. 
It is based on an ingenious combination of low- 
power HF and high-power FM broadcasters’ 
SCA sub-carriers. The mobile units transmit on 
HF channels that have been checked at the nine 
HF receiving sites distributed throughout the 
USA, using low-power (10-watt transmitters 
with an ERP limited to 1 watt). Magnetic loop 
arrays at receive sites optimise reception from 
vehicles in the 300km to 3000km range. Terion 
has found that a grid of stations not only 
increases the probability of receiving the weak 
signal at any particular frequency, but also 
stretches the range of frequencies over which 
the system can operate. The site receiving the 
clearest signal from the mobile passes this by 
line telecommunications to the Network op- 
erations centre: see Fig 11. Confirmation of 
reception is sent to the mobile via VHF broad- 
cast stations. Mobile unit frequencies virtually 
span the HF spectrum and are automatically 
selected under the control of the Propagation 
Analysis Centre. On average, Terion has trans- 
mitted well over 2500 HF transmissions per 
day for the two years it 
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has been operating the 
system. During these ac- 
tivities, no complaints or 
incidence of interference 
were recorded. The sys- 
tem operates under a spe- 
cial FCC licence with sec- 
ondary status. Frequen- 
cies within the primary 
amateur bands may not 
be used by Terion. It 
would be interesting to 
know how the econom- 
ics compare with satellite 
or cellular systems. ¢ 
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WORKING WITH SURFACE 
MOUNT TECHNOLOGY 

SAM ULBING, N4UAU, in ‘Surface Mount 
Technology - You Can Work with It!’ (Part 1 
in OST, April 1998) presents a convincing case 
why we should all start building projects using 
surface-mount devices, although I must admit 
that I feel that this will have to be left to younger 
eyes than mine. I seem to spend far too long 
searching for small parts that have fallen off the 
bench, without getting down on my hands and 
knees to look for those tiny chip capacitors. 
But, as N4UAU reports: “As I look through the 
various product data sheets, three things strike 
me. First, the large number of available ICs that 
perform functions formerly requiring several 
ICs. Second, the continuing shift to lower 
power requirements, smaller size and usability 
at higher operating frequencies. Finally, the 
increasing number of new products available 
only in surface-mount packages. New prod- 
ucts today are smaller and more energy effi- 
cient. . . On the other hand, when I look at 
amateur radio constructional projects, I see 
continued use of many discrete components 
and bulky DIP ICs that perform limited func- 
tions. Recently I sawa voltage-controller project 
based on the use of transistors and relays! 
Frankly, it bothers me that there seems to be a 
growing divergence between the technology 
used by industry and that used by hams. . . I 
think hams are being left behind because they 
feel that SMT (surface-mount technology) is 
something they can’t handle.” 

I must confess that at G3VA J still have a 
penchant for large, discrete junk-box compo- 
nents that belong to a much earlier age - the 
valve era rather than solid-state, let alone SMT. 
But then I like large bulky equipment and still 
make use of such hernia-inducing heavy- 
weights as an AR88 receiver and LG300 trans- 
mitter. But I recognise that there is only limited 
appeal of these aged items to the youngsters 
that need to be attracted to amateur radio if the 
hobby is to survive well into the new millen- 
nium. All over the world the problem of attract- 
ing a generation increasingly hooked on com- 
puter games, e-mail and above all on Internet 
is looming ever larger on the agendas of na- 
tional societies and local clubs. 

Sam Ulbing, N4UAU, in the correspond- 
ence columns of the April OST has a view 
worth considering on this burning topic. He 
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0.12 0.10 
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Table 1: Dimensions and sizes of SM resistors and 
ceramic capacitors. 
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Fig 1: Size comparisons of some surface-mount 
devices against standard ‘TO’ outlines, from Part 1 
of the QST articles on working with surface-mount 
technology by Sam Ulbing, N4UAU. (a) Size 
comparisons. (b) SMT resistors and ceramic 
capacitors. (c) Solid tantalum capacitors. 


writes: “For several years now the ARRL has 
been concerned by the lack of interest in ham 
radio by younger people. I wonder, however, 
if we are doing the wrong thing. . . Perhaps we 
need to address how to make ham radio less 
boring [to the younger generation] and not 
how to make it easier.” He quotes Seymour 
Papert, Professor of Educational Research at 
MIT: “Every maker of video games knows 
something that the makers of curriculum don’t 
seem to understand. You’ll never see a video 
game advertised as being easy. Kids who do 
not like school will tell you it’s not because it 
is too hard. It’s because it’s boring.” 
N4UAU suggests we need to address how to 
make ham radio less boring to the young and 
not how to make it easier. . . In the past, amateur 
radio offered a unique opportunity - world- 
wide communication. He stresses: “The re- 
ward of global communication was so attrac- 
tive [and exciting] that people were more than 
willing to master CW and electronics. Today it 
is easy to communicate with people anywhere 


ics 


in the world, with technology that is much 

more reliable than ham radio. Why would 

anyone want to be a ham when there are better 
ways to communicate? No wonder ham par- 
ents hear their children say ‘It’s boring’.” 

Personally, I tend to the view that for a few 
years - until the present Internet fever dies 
down - we should concentrate on attracting 
into the hobby those of more mature years, 
who perhaps experienced the fun of building 
crystal sets and simple transistor radios at 
school and have retained an interest in radio 
but have been too busy in building their careers 
or bringing up families to follow up their early 
interest. Such people are less likely to view 
amateur radio as ‘boring’, and far more likely 
to see it as a fascinating fulfilment of something 
they always wanted to do, but never had the 
time. 

The solution suggested by N4UAU, moreo- 
ver, seems rather defeatist. He believes that the 
hobby should be extended to include such 
projects as remote control toys, short-range 
wireless links to hi-fi units, etc. Surprisingly, in 
spite of his SMT article in the same issue, he 
does not appear to consider that perhaps new 
technology might offer the opportunity to build 
traditional amateur radio equipment in new 
ways. But he clearly has a pajnt in believing 
that youngsters need the challenge of new 
ideas and new problems rather than encourag- 
ing them, in effect, to make everything easy 
and become appliance operators of factory- 
built black-box radios. Social chatter on the 
established nets, interesting to the over-50s, 
cannot be expected to appeal to the under-20s, 
no matter how easy the licensing authorities 
make it to obtain an amateur licence. The 
excitement of chasing DX may be dimmed for 
the young by the realisation that obtaining 
QSLs via the bureau may take years. In con- 
tests, youngsters find themselves up against 
experienced operators with top grade equip- 
ment and elaborate, costly antenna arrays. On 
the other hand, they are not burdened by the 
weight of past practices and have an unrivalled 
ability to absorb and master new microproces- 
sor-based technology. And the 20/20 vision 
and manual dexterity to handle SMT. 

N4UAU lists some of the advantages of 
building with SM devices as including: 

@ Smaller, more energy-efficient projects. 
He built a time-out switch that fits on a PCB 
one-sixth the size of a postage stamp, able 
to fit into the battery compartment of his 
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Length Width 
code (mm) (mm) 
52 Gmas 2 1.6 
B528 493.5 218 
6032 6.0 a2 
7343 73 4.3 


Table 2: Dimensions and sizes of SMsolid tantalum 
capacitors. 
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voltmeter. 

@® SM devices may outperform 
earlier DIP versions; with lower 
operating voltages and 
microampere quiescent cur- 
rents [for example, recall the 
remarkable performance of the 
FST3125 SMT devices as HF 
mixers, as revealed in 7T last 
year - G3VA]. 

@ VHF projects can benefit from 
the short signal leads, with SM 
capacitors used as bypass ca- 
pacitors placed very close to 
an IC, etc. 
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limiting audio functions are speci- 
fied for 10mV at 1.5kHz at the 
microphone socket, and the Q2 
menu setting of 5 for microphone 
gain. .. yet 10mV is an unrealis- 
tically high voltage output to ex- 
pect from ordinary microphones. 

“The first step is to ignore the book 
and set the Q2 mic gain to 10. The 
next step is to engage the compres- 
sor, and set up the external pot to 
keep the ALC in the acceptable range. 
For good results the ALC must be 
“on scale’. 

“The compressor does not do 


@ Experience gained from build- 
ing SM projects gives confi- 
dence in tackling repairs to fac- 
tory-built gear. 

@ With no need for through-hole parts, PCBs 
are easier to make for SM devices. 

@ New SM devices often have entire mod- 
ules built into them, making it much easier 
to build a complex circuit than with older 
ICs and far easier than with discrete com- 
ponents. 

N4UAU lists in some detail the equipment 
needed to work with SM, although emphasis- 
ing that lots of expensive equipment is unnec- 
essary and that you don’t really need an eagle’s 
eyesight if-you use hands-free optical magnifi- 
cation. 

He gives as a fundamental requirement an 
illuminated magnifying glass (eg Sin diameter 
lens giving 3x magnification with built-in cir- 
cular light); also a low-power soldering iron 
with an earthed, screwdriver tip; used with thin 
(0.020in diameter) resin-core solder since 
0.03 lin solder tends to flood the pads, result- 
ing in bridging. Also useful is a wet sponge for 
cleaning the tip of the soldering-iron. A flux 
pen can come in handy if a clean flux is used; 
as can good desoldering braid to remove ex- 
cess solder on a pad. ESD protective devices 
such as wrist straps may be necessary in dry, 
static-prone areas. A pair of non-magnetic, 
stainless steel drafting dividers with two very 
sharp needle points can be a great help. 

Fig 1 provides size comparisons of some 
surface-mount devices and their dimensions as 
given in Part 1 of N4UAU’s OST article. 


DC CIRCUIT BREAKER 
(ELECTRONIC FUSE) 

RUPERT CHANDRA (Madras, India) pro- 
vides in the ‘Circuit Ideas’ feature of Electronics 
World (January 1999, p66) auseful arrangement 


Fusing Current Rx Rx rating 
(mA) (ohms) (watts) 
100 6 0.25 

500 12 0.5 

1000 0.6 1.0 

5000 0.12 3.0 


Table 3: Typical values of resistor required for 
Rupert Chandra’s ‘electronic fuse’. 
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Fig 2: Circuit diagram of the electronic DC circuit breaker which can replace 
wire fuses and which includes a push-to-reset facility. For value of Rx see Table 
1. From Electronics World. 


that can replace an ordinary fuse in a DC 
circuit with the advantage of having a ‘reset’ 
switch. The ‘fusing’ current is set by the value 
of a single resistor (Rx), typically between 
100mA and 5A: Fig 2. 

TRI is a series-pass power transistor, typ1- 
cally a 2N3055 for high currents, forming a 
Darlington pair with TR2, biased by the Zener 
diode ZD1. When the voltage drop across Rx 
exceeds 0.6V, TR3 turns on and triggers the 
thyristor-forming pair TR4-TRS, turning off the 
series-pass transistor pair. The reset switch SW1, 
when pushed, restores the status quo. 

Rx should be selected to drop 0.6V at the 
required circuit breaking current. Rupert Chandra 
provides typical values, shown here in Table 3. 


AUDIO GAIN & THE IC-706 Mk2 
NORMALLY, I TRY TO avoid including modi- 
fications to and comments on recent factory-built 
equipment in 77, but John Everingham, G4TRN, 
has found a solution (which has been received in 
the Bristol area as an answer to many prayers) to 
a problem which is commonly encountered by 
users of the popular, compact Icom IC-706 Mk2 
when this is set up strictly in accordance with the 
Icom user instructions. The following is adapted 
from G4TRN’s notes on ‘How to Stop Shouting 
and Stay Happy’. 

As a new owner, he soon found that these 
extremely compactrigs have minds of their own. 
In particular, the difficulty when following the 
recommended setting-up procedure of obtain- 
ing, and then holding, the full power output on 
SSB without acquiring a special, rather costly 
matching desk microphone. He writes: 

“When first used, the rig seemed to be very 
deficient in audio gain on SSB. Using the set- 
tings recommended in the instruction manual 
makes it necessary to shout in order to achieve 
full SSB output. Historically, Icom have fa- 
voured the unusual but technically sound 
approach of putting an amplifier in their hand 
microphones. This is not the case with the IC- 
706 Mk2, although the rig gives the impres- 
sion that this is needed. This is not the case on 
AM or FM modes. 

“The service manual shows that all non- 


much in the way of speech 
processing, but is more of an au- 
dio AGC system [effective SSB 
speech processing requires RF rather than AF 
processing - G3VA]. The effect is as though 
the Q2 mic gain was turned up to 50. The 
down side is a high degree of bass cut, so that 
the signal sounds harder. It is often possible 
to recognise the ’706 by this bass cut, which 
is fine for real mobile operation. 

“Tt is rather frustrating to find the compressor 
cannot be accessed when in FM mode. However, 
this is of little importance since it is not functional 
on FM. It might have been more logical for the 
“COM” flag to vanish on FM, but one can’t have 
everything. Note that the Q2 mic gain should be 
set individually for each phone mode. Remember 
too that for duplex (ie SPLIT), the wide or narrow 
option is individually assigned to each VFO, so 
that you do not automatically send with the 
selected receive setting (the same applies also for 
CTCSS tone burst). 

The above notes all apply to SSB operation at 
the Q2 power setting ‘h’ (high). As the output 
power is reduced, so the need for more micro- 
phone gain diminishes. The power setting is an 
ALC threshold setting, and the lower the power is 
set the easier it is to achieve the threshold value. 
The manual does not say, nor the rig do, but for 
tidy results the mic gain should be set to the value 
appropriate to the power setting. It is helpful that 
the ALC scale comes on automatically when 
setting the Q2 microphone gain. 

“For those not confident of tweaking the 
engineering parameters of a complex, factory 
rig, this is about as far as it will be wise to go. A 
“power mic’ or the high gain desk mic approach 
suggested by Icom is then the next step. Those 
confident enough to undertake some tweaking 
should read on: 

“The quick menu Q4 enables the carrier fre- 
quency to be altered (only on SSB transmit). 
Since all functions of the ’706 are controlled 
by the in-built microprocessors, and, unlike 
older rigs, this does not change the output 
frequency. It is like moving the shift control, 
but on transmit. You will probably discover 
that your audio is improved, ie becomes more 
natural, if the carrier is set on the negative side 
of the default. This may be due to the differ- 
ence between Japanese and European speech. 
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I have set my 706 to ‘-50’ (rather unfortu- 
nately this setting has no effect on the receive 
function, as it does on my TS50, which now 
transmits the way I prefer to receive. I am a 
great believer in reciprocity). 

“The final trick to obtain more output RF 
power is to turn up the ‘SSB mic gain’ control, 
if only there was one. However, there is 
‘Transmit Gain’ which works like the RF gain 
control of a receiver but on the through RF 
transmit signal. Too little ‘transmit gain’ and 
the output varies with speech in an unstable 
way, and this signal lacks ‘punch’. Too much 
and the result is overload and distortion. 
When set correctly, everything is clean and 
firm. Think of the ALC scale as being the 
transmit equivalent of an S-meter with de- 
layed AGC. If you can’t get enough through 
amplification - microphone to antenna with 
the Q2 setting (AF gain) then turn up the 
“transmit gain’ and do the job at RF. 

“There is a variable resistor provided. The 
service manual says set it for 5|0W output at. . . 
yes... 1OmV, 1.5kHz, Q2 setting 5! No wonder 
as ’706 owners we have all been shouting our 
heads off! My suggestion is that the resistor is 
set fora decent ALC reading atQ 1 powersetting 
‘h’, Q2 mic gain ‘6’, compression off and a 
spoken ‘FORE’ into the hand microphone held 
the way you prefer, but fairly close. Afterwards, 
fine tune the Q2 value andthe compression level. 

“If you are happy with the above reasoning 
you can complete the adjustment in a few min- 
utes. The ‘transmit gain’ potentiometer is on the 
main board (the one underthe top cover), marked 
R511. Itis at the front edge of the board, hidden 
by the printed ribbon lead, about one-third-way 
along from the left as you look at the front of the 
rig. You will need a small cross-point screw- 
driver, a magnifying glass, and a very small 
straight screwdriver. Connect your dummy load 
if you are going to monitor progress. Turn R511 
about 20° clockwise. 

“Success! Reports of ‘nice audio’ and ‘sounds 
like you’. My PEP meter stays at 100W. Iuse the 
compressor now only when the going gets hard. 
What a relief to the vocal chords.” 


HERE & THERE 

IN WHAT I HAD hoped would be a wind-up item 
on compact tuned transmitting loops [77, May 
1999, pp 60-61], I quoted Dr Belrose, VE2CV, as 
writing “we must remember to take into account 
the effect of the output impedance of the RF power 
amplifier, since for maximum power transfer the 
output or source impedance is the complex con- 
jugate of the antenna’s impedance (reference 
Belrose, VE2CV; Maxwell, W2DU; and Rauch, 
W8JI; Communications Quarterly, Fall 1997, 
pp25-48).” At the time, I had a feeling that this 
statement would be disputed and sure enough 
Bob Pearson, G4FHU, and Dr Andrew Smith, 
G4OEP, have expressed the opinion that VE2CV 
has mis-applied the maximum power transfer 
theorem, thus perhaps unknowingly re-opening 
one of the long-lasting disputes that have persisted 
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Fig 3: Configuration of the vehicle-mounted loop 
antenna for NVIS operation, developed and evaluated 
at Liverpool University by GOGSF et al. Generic 
Algorithm/NEC-2 simulation shows that optimum 
results were achieved when acapacitor is positioned 
at point B with a single RF source at point A. 


for years among the leading technical boffins of 
our hobby as to the validity of the conjugate 
matching theory when applied to power amplifi- 
ers. The contrary view was first brought to my 
notice by one of my former IBA colleagues, Tony 
Harwood, G4HHZ. It eventually led to the ARRL 
removing references to conjugate load imped- 
ance matching from the ARRL Handbook and 
declining to publish articles by Dr Belrose and 
others protesting at their action. All I will do here 
is refer readers to the long (23-page) article in 
Communications Quarterly sited above, and in 
which such eminent engineer-authors as VE2CV, 
W2DU and W8JI argue strongly and in great 
detail for their belief in the validity of conjugate 
matching as applied to matching antennas to RF 
power amplifiers. This is a controversy into which 
I have no intention of entering at this time! 


FOR THOSE interested in the use of military- 
type vehicle transmitting loops as developed at 
Liverpool University under Dr Brian Austin, 
GOGSF (see for example: “The Application of 
Characteristic-Mode Techniques to Vehicle- 
Mounted NVIS Antennas’ by Brian A Austin 
and Kevin P Murray, IEEE Antennas and 
Propagation Magazine, Vol 40, No 1, Febru- 
ary 1998), attention is drawn to a further con- 
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Operating frequency, MHz 


Fig 4: Capacitor values for optimum radiation toward 
zenith at frequencies from 2 to 10MHz. At 10MHz the 
percentage of power radiated towards the zenith 
increased from under 20% with a single source to 
about 35% with either dual, in-phase sources or with 
a single source plus series capacitor. 


tribution ‘Genetic algorithm optimisation of 
vehicle-mounted loop antenna for NVIS’ by B 
A Austin and Wen-Chung Liu (Electronics 
Letters, Vol 35, No4, 18th February 1999) in 
which a series capacitor with one rather than 
the two feedpoints in the earlier model is used 
to restore the uniform current distribution as 
the frequency approaches first resonance, as is 
likely for day-time operation and typical loop 
dimensions. This ensures the radiation of as 
much energy as possible towards the zenith, 
highly desirable for NVIS operation: Figs 3, 4. 

An overview of ‘Short-haul Communica- 
tions Using NVIS HF Radio’ by S J Burgess 
and N E Evans (Electronics & Communication 
Engineering Journal, April 1999, pp95-104) 
includes an assessment of results using a 
6793kHz NVIS simplex link over a 42km path 
to a monitoring receiver at the University of 
Ulster’s Jordanstown campus. The paper pro- 
vides advice on the use of typical horizontal 
wire antennas at low heights, as widely used by 
amateurs on 3.5 and 7MHz, and various ama- 
teur radio publications are listed in an exten- 
sive list of references, perhaps not surprising 
since Dr Noel Evans is presumably GI4BDR. 


DANNY BEGG, GM3YXJ, notes the interest 
aroused by recent 77 items on spark transmit- 
ters. He has sent some photographs (see oppo- 
site) of a straight Morse key which he still 
sometimes uses, but which has been variously 
identified as (a) an RAF key of the 1920s, or (b) 
a key intended for use with a spark transmitter. 
The Bakelite base is cracked and GM3YXJ has 
reinforced it with a block of aluminium, but 
otherwise the key is in its original condition. ~ 
The base carries the legend ‘No 1969”. 

He writes: “Although difficult to see from 
the photograph, there are six terminal sockets 
on the base, and I wonder if any of your spark- 
operator correspondents could provide a cir- 
cuit showing the use of all these terminals, and 
the adjustable spark gap which can be ob- 
served through the window in the cover. It 
makes a change from the standard two-termi- 
nal key!” 

I skimmed through a number of back issues 
of the excellent Morsum Magnificat (now ed- 
ited and published by Zyg Nilski, G3OKD, 
The Poplars, Wintanswick, Market Drayton, 
Shropshire TF9 2BA) and soon discovered an 
illustration of the ‘S G Brown Ref No 1969’ 
key (MM Nr 49, Christmas 1996, p48) from the 
collection of Tony Wilkes, ZL3SLH, together 
with earlier references and suggestions that 
this design was made for the Services by 
various makers. In Issue 25 there is a diagram 
stemming from GOFJT of the terminal connec- 
tions - Fig 5 - though this does not entirely solve 
the manner in which the key worked with the 
transmitter and possibly was used to mute a 
receiver. In Issue 26 (January 1993) Gus Taylor, 
G8PG, dimly recalled one of these keys at the 
old Liverpool Wireless College and known as 
a Siemens key: “My gut feeling is that they 
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were made for the Air Ministry, 
probably for airship use, perhaps 
originally by the RNAS and then, 
after 1 April 1918, by the same 
people, now RAF.” He believes 
that similar keys were sold pre-war 
in the surplus market, possibly by 
Electradix Radios as ex-Air Minis- 
try keys. Tony Timme, G3CWW, 
recalled using such a key to in- 
struct fellow cadets at Christ’s Col- 
lege, Finchley, in 1940-42. 

To check G8PG’s suggestion I 
found an Elextradix advert in a 


The “REF No 1969” Morse key believed to date from the WW1 or a little later 
and still in use by GM3YX4J, incorporating a spark gap. Possibly developed for 
use with spark transmitters in military airships. 
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unreliability. . . Potentially even 
more serious is the likelihood 
that DVB-T transmissions in the 
so-called ‘taboo’ channels will 
cause interference to the recep- 
tion of existing PAL transmis- 
sions [and vice versa]. . . High- 
speed digital data transmission 
in telecommunications has fre- 
quently resulted in unforeseen 
problems. It is an open secret 
that digital [satellite] distribu- 
tion links for television have not 
always achieved 100% reliabil- 


1935 T&R Bulletin, showing an 
illustration of a key with a basically similar 
construction (but no spark gap) described as 
“‘Brown’s HT Model, price 8/6 [42.5p]’. The 
firm claimed “We have the best range of 
Wireless Keys in the country. Illustration shows 
Brown’s H.T. model. Twelve models from 4/6 
[22.5p] to 30/- [150p]’. 


DVB-T & TVI - PROBLEMS TO 
COME? 

LAST YEAR, shortly before the introduction 
of both satellite and terrestrial Digital Video 
Broadcasting (DVB-S and DVB-T), I wrote 
an article for Electronics World (July 1998, 
pp570-574) in which I warned of several 
potential problems that seemed likely to af- 
fect the reception of DVB-T, particularly if 
dealers were to sell DVB-T sets or set-top 
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Rear 
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Fig 5: Circuit arrangements of the ‘No 1969’ key shown in the photo above. 
From GOFJT in a 1992 issue of Morsum Magnificat. 
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digital units to viewers outside the recom- 
mended ‘service area’ of the local DVB-T 
(DTT) transmitter. I wrote: “Whereas the long- 
established UHF PAL service areas have re- 
quired that the signal-to-noise ratio (SNR) at 
the receiver should be at least 40dB to achieve 
a substantially noise-free picture, digital trans- 
missions can provide a noise-free picture 
with an SNR of 10dB. 

“Theoretically, this feature of digital trans- 
missions allows the transmitter power to be 
1000 times lower. In practice, DVB-T service 
areas are being based on an SNR of about 
15dB, to provide a margin for the inevitable 
diurnal and seasonal changes in UHF propa- 
gation. These are due to things like foliage 
and temperature, tropospheric lift, and sea- 
sonal changes. 

“Past experience 
however suggests 
that retailers compet- 
ing for sales will re- 
sult in DVB-T units 
often being installed 
outside the intended 
service areas, pro- 
vided that on instal- 
lation they achieve 
the bare 10dB or so 


Front 


cigeed | om | USNR 
“Whereas with 
“sive analogue PAL out- 


of-area reception 
usually results with 
propagation varia- 
tions only in an in- 
creasingly noisy pic- 
ture or co-channel 
Hin U@ir wore 
patterning, with 
A DVB it will lead on 

some days at some 
times in some sea- 
sons to complete 
loss of synchronisa- 
tion and total ab- 
sence of picture. 
This could result in 
DVB-T soon acquir- 
ing an unfortunate 
reputation for 


key base to Tx 
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ity [despite the relatively clean 
and consistent satellite channels].” 

In that article I overlooked the fact that the 
much lower transmitter powers and greater 
susceptibility to impulsive noise of DVB-T 
than for PAL might lead to a significant 
increase in TVI from amateurs. Whereas slight 
patterning on analogue pictures can often 
pass unnoticed, or at least can be tolerated, 
interference to digital signals, even at low 
levels, can result in temporary loss of syn- 
chronisation and a silent ‘red dot’ on the 
screen. . . Furthermore, a weak interfering 
signal in a PAL channel is likely to affect only 
one channel, whereas with DVB it will inevi- 
tably affect all the channels carried on the 
particular multiplex. While I have not heard 
of many cases of digital TVI from amateur 
transmitters, a strong warning of related EMC 
problems is outlined in a letter from Dennis 
Glover of Stansted TTS, published in Televi- 
sion (May 1999, p469). To quote briefly from 
his long letter: 

“Digital terrestrial TV has now been in 
operation long enough for us to be able to 
assess reception problems. . . Local EM con- 
ditions create the main reception problems. 
Those familiar with the [old] 405-line system 
will recall its susceptibility to impulse inter- 
ference caused by electrical equipment, par- 
ticularly vehicle ignition systems. The disad- 
vantage of positive [video] modulation was 
not appreciated by those who designed the 
system [in the 1930s]. It seems that history is 
repeating itself. .. To avoid mutual interfer- 
ence with existing services, DTT transmis- 
sions are typically 20dB below the accompa- 
nying analogue ones. This has an unfortunate 
consequence - local interference within a 
DTT multiplex can be of sufficient amplitude 
to corrupt the modulation. The decoder’s 
error correction circuitry may be unable to 
cope with this. Now here’s the rub. The 
effects of impulse interference go largely 
unnoticed with an analogue transmission, 
mainly because of the use of negative modu- 
lation [noise driven into the blacker-than- 
black region] with any residual interference 
tending to appear in short-duration line 
flashes, which are generally not noticed by 
viewers. But the same level of interference 
has a devastating effect with a DTT channel. 
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Fig 6: (a) 75MHz IF amplifier as used in the Kachina 505DSP transceiver, described in QEX. (b) As 
implemented by AG4R, with 0dBm input at 14MHz it has an IP3 of 40dBm with 10dB gain. 


“The results vary from MPEG-2 mosaic 
blocking that typically lasts for one to two 
seconds to momentary total corruption, with 
the dreaded ‘red dot’ being displayed and no 
sound or picture. Other effects may include 
the sound and picture becoming 
unsynchronised for as much as two to three 
seconds, and lock-up with a frozen still pic- 
ture (the sound may continue normally). The 
remote control unit then has no effect and the 
box must be switched to standby and back in 
order to recover. On the audio side you can 
get pops and cracks that are at much higher 
amplitude than the programme material, with 
the risk - if the volume is set much above 
average - of loudspeaker cone damage.” 

Dennis Glover reported that almost all the 
above effects were due to vehicle ignition 
interference, although the vehicle ignition 
systems had all been suppressed within the 
regulatory limits. He adds: 

“Analogue terrestrial CTV signals degrade 
‘gracefully’ and are far more robust than the 
‘all-or-nothing’ digital alternative in the mod- 
ern, hostile EM world. In terms of the cru- 
cially important EMC performance, the cur- 
rent DTT offerings are, overall, hopelessly 
outclassed by the existing, if ancient, ana- 
logue services.” 

You have been warned! Make sure your 
UHF harmonic suppression is of a high order. 


HF ANTENNA IMPEDANCE 
MEASUREMENT 

AT THE RECENT two-day IEE Colloquium 
on ‘Frequency Selection and Management 
Techniques for HF Communications’ Mel 
Maundrell of the Defence Evaluation and Re- 
search Agency, Malvern, emphasised that al- 
though HF research and development has been 
drastically contracted due to work on satellite 
communications, satellites are not a universal 
panacea and cannot answer all military and 
civilian needs. Recent developments in HF are 
providing traffic capabilities that in the past 
would have been thought impossible: “HF 
lives for ever”. Many of the papers were con- 
cerned with such current techniques as auto- 
matic link establishment (ALE) and mainte- 


256 


nance (ALM), improved HF data protocols (eg 
STANAG 5066), automatic frequency man- 
agement, etc. 

But a paper that potentially could be of great 
interest to amateurs was ‘Measurement of HF 
Antenna Impedances’, presented by Dr Y Sun 
with co-authors James Moritz and David Lauder 


" [G4WTB] all at the University of Hertford- 


shire, Hatfield. This described the design of an 
antenna reflection coefficient measurement 
system, capable of ascertaining the real and 
imaginary components of the reflection coeffi- 
cient of antennas between 1.8 and 30MHz. 
The system is able to operate with high level 
ambient incoming signals whilst the maximum 
measuring signal power delivered to the an- 
tenna is limited to just 1uW, providing ‘quiet 
tuning’. The errors are less than 5% in magni- 
tude and 4° in phase. 

In their introduction it is pointed out: “An 
important parameter of an HF antenna is the 
impedance at its feed point. For practical an- 
tennas this is a function of the antenna geom- 
etry (and that of nearby conductors) and oper- 
ating frequency, and is often variable and 
unpredictable. HF equipment is usually de- 
signed to operate with a fixed load impedance, 
typically 50Q. An ATU, an adjustable reactive 
matching network, is used to optimise power 
transfer. The network components must be 
adjusted for a conjugate match between the 
antenna and the transmitter. An SWR meter is 
most often used to measure the amplitude of 
the signal reflected by the load due to mis- 
match. .. A disadvantage of this is that signifi- 
cant power must be radiated for the SWR meter 
to produce an indication, potentially giving 
rise to interference to other users or, for military 
users, the possibility of detection. Also, SWR 
measurement merely indicates the degree of 
mismatch, with the actual impedance remain- 
ing unknown, requiring the matching network 
to be capable of a wide range of impedance 


- transformation to guarantee successful match- 


ing. Since voltage and current levels in the 
matching network are unknown, components 
must be very conservatively rated. . . This 
paper describes a system which provides true 
antenna impedance measurement capability.” 


A block diagram of a superhet form of this 
reflection coefficient was shown as Fig 11 last 
month and this is discussed in the paper, al- 
though circuit details were not given. During 
question time, I pointed out to Dr Sun that this 
antenna analyser would be of considerable 
value to radio amateurs and wondered whether 
it was intended to publish full details in one of 
the hobby magazines. Dr Sun replied that this 
was being considered, but warned that some 
20 ICs were used, leading to complex circuit 
diagrams, although it might be possible to 
market such a device in kit form. A compact, 
portable instrument of this device would cer- 
tainly be of interest to those experimenting 
with antennas, as well as hopefully leading to 
a reduction in ‘tune-up interference’. An ear- 
lier, simple form of ‘quiet tuning’ described by 
Prof Mike Underwood, G3LHZ, (RadCom, 
May 1981, pp420-422) seems to have been 
largely forgotten, and did not provide the 
measurement capabilities of this new approach. 


MORE POST-MIXER AMPLIFIERS 
THE ITEM ON ‘Bipolar and FET Post-Mixer 
Amplifiers’ (TT, May 1999, pp58-59) at- 
tracted the attention of Wayne Cooper, AG4R, 
who provides some alternative circuit ar- 
rangements. Fig 6(a) shows the 75MHz IF 
amplifier of the Kachina 505DSP transceiver, 
described in QEX May/June 1998, p26. To 
try out this amplifier, AG4R put together a 
similar amplifier (Fig 6(b)). As a 14MHz 
amplifier with 0dBm input, the IP, was 40dBm 
with 10dB gain. He has also used the Norton 
RF amplifier and described this in OST, Au- 
gust 1984, p46. This amplifier (Fig 7) has 
given very good results in various applica- 
tions over the years. 

In ‘Technical Feedback’ (RadCom, April 
1999) AGAR drew attention to ‘A Logarithmic 
Audio Speech Processor’ by William E Sabin, 
Communications Quarterly, Winter 1997, and 
mentioned that he was in the process of build- 
ing one. In his latest letter he writes: “I com- 
pleted the Sabin processor which gives me 
excellent results. I can use the extra 6dB, an S- 
unit boost to my 100W transceiver, equivalent 
to adding a 400W linear amplifier!” + 
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Fig 7: Norton RF amplifier as described in QST 
(Aug 1984), which has given AG4R very good 
results in various applications. 
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EFFICIENT SHORT MEANDER 
ANTENNAS 

IF YOU WERE asked to put up a 14MHz 
resonant dipole antenna with an overall span 
of just 3ft (1m) with a 2:1 SWR bandwidth of 
over 5 per cent of the centre frequency and 
a measured radiation efficiency of some 80 
per cent, or a 21MHz monopole some 17in 
high over a 3ft by 4ft ground plane with a 
measured impedance of some 22Q, you 
would probably regard such a request as 
asking for the moon. Such performance 
would seem to fly in the face of the classical 
theory of electrically short antenna elements. 
The trick, it seems, is to make the elements 
physically long but folded repeatedly into a 
short span, with for example a construction 
resembling the old caged dipole but with the 
short sections in series rather than parallel. 
This technique is described by Thomas J 
Warnagiris and Thomas J Minardo of the 
Southwest Research Institute, San Antonio, 
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Fig 1: Three of the many folded-dipole antennas 
developed by Dr Kraus, W8JK, in the 1940s. (a) The 
conventional half-wave folded dipole with a 
resistive input impedance of about 300-3500. (b) 
The longer three-quarter-wave dipole; and (c) the 
shorter three-eighth-wave folded dipole. 


Texas in ‘Performance of a Meandered Line 
as an Electrically Small Transmitting An- 
tenna’ (IEEE Trans on Antennas and Propa- 
gation, December 1998, pp 1797-1801). 
The techniques they describe would seem to 
open the way for the erection of LF/MF/HF 
antennas at sites where space will not sup- 
port a conventional resonant antenna with- 
out incurring the restricted bandwidth and 
low efficiency normally associated with com- 
pact high-Q antennas such as magnetic loops. 

The idea of multiple folding of elements is 
not new. Dr Kraus, W8JK, long ago de- 
scribed a three-eighth wave folded dipole 
and monopole, and these were included in 
TT back in May, 1971: see Fig 1 and Fig 2. 
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by Pat Hawker, G3VA* 
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Fig 2: The three-eighth-wave folded monopole fed 
against ground. The resistive input impedance of 
about 250Q is much higher than the conventional 
quarter-wave monopole. 


There was also an ingenious Radio Hand- 
book system based on the 3/8-wave folded 
element that could be switched to form an 
antenna resonant at half the frequency, eg 
for 7MHz and 3.5MHz, fed with 600Q open 
line: Fig 3. But, even earlier, there had stuck 
in my memory an article I had read a few 
months after receiving my G3VA licence: 
‘Improving the Performance of Short Aeri- 
als’ by M J Heavyside, G2QM (The T&R 
Bulletin, January 1939, p4). This described 
an antenna for the (then) 1.7MHz band, 
comprising 15ft of wire fed from a Collins 
pi-network tuner and going up to an attic. 
This, as might be expected, gave a relatively 
poor performance. But G2QM then added at 
the end of the 15ft wire some 120ft of 13SWG 
cotton-covered wire “wound in a zig-zag 
fashion on nails spaced six inches apart, 
driven into two beams situated five feet 
apart”. This form of non-inductive ‘loading’ 
greatly improved results with his 7 watts (DC 
input) of AM phone. Reports increased from 
3 to 5 S points, compared with the 15ft wire 
alone. Two other local amateurs, G6KU and 
GS8CB, carried out tests with similar anten- 
nas and both reported gains in signal 
strength, particularly on reception. G2QM 
wrote: “When the 100ft outside aerial was 
compared with the loaded roof-space aerial, 
the signal-to-noise ratio of the indoor aerial 
was found to be so much better that it is now 
being used in preference to the outdoor 
one.” He also tried the antenna on 3.7MHz, 
reducing the length of the zig-zag wire to 
60ft: “Results on this band were found to be 
just as good, especially as regards recep- 
tion.” 

Unhappily, all British amateur licences 
were withdrawn on 1 September 1939, be- 
fore I and possibly others had much oppor- 
tunity of trying out G2QM’s ideas, and by 
1946 they had been put on the back-burner. 
It is only in recent years that there has been 
increasing interest in the use of such mean- 
der line elements to reduce the overall span 


ics 


of resonant dipole antennas, reflected sev- 
eral times in 7T. 

The recent JEEE Trans Ant & Prop paper 
takes meandered elements a step further. 
The introduction reads: “At its operating 
frequency, an electrically small antenna is 
much shorter than a quarter wavelength. It 
has been occasionally pointed out that such 
an antenna, free of dissipation, could take 
from a radio wave and deliver to a load an 
amount of power independent of the size of 
the antenna. But the characteristics expected 
of an electrically small antenna are low- 
radiation resistance and large reactance and, 
therefore, very small instantaneous band- 
width with respect to the impedance of nor- 
mal radio equipment. It’s the matching of the 
antenna impedance to the radio equipment 
that can significantly affect the overall sys- 
tem performance. This is especially impor- 
tant for transmitting antennas, since a good 
impedance match is essential for maximum 
power transfer and hence efficient radia- 
tion.” 

The abstract of this interesting paper, ap- 
parently with amateur radio involvement, 
emphasises: “For antennas to radiate at maxi- 
mum efficiency, their dimensions must be of 
the same order as the radiated wavelength. 
At frequencies below 30MHz, antennas with 
efficient radiation are often too large for 
mobile and portable applications. Smaller 
antennas can be made to radiate efficiently 
by use of matching networks. For conven- 
ience and ease of adjustment, these net- 
works are usually placed between the trans- 
mitter and the antenna input, but it has been 
found that for best radiation efficiency, 
matching network elements should be placed 
at points on the antenna structure. Unfortu- 
nately, such matching networks must be 
tuned for each transmitting frequency, and 
when mounted on the antenna, they cannot 
easily be tuned. A meander element antenna 
was found to present some electrical and 
mechanical properties allowing convenient 
placement of tuning elements when 
configured as an electrically small transmit- 
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Fig 3: An adaptation of the Kraus three-quarter- 
wave dipole, which can be switched to operate on 
twice the frequency. For example with L = 98ft, the 
antenna is resonant on 14MHz with the switch 
closed and on 7MHz with the switch open. 
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Fig 4: Electrical configuration of a very short multi- 
element meander monopole antenna with a height 
of only 17.25in with the 21 elements connected as 
a continuous single wire. 


ting antenna. Some simplified design guide- _ 


lines were derived from experimental data.” 

One technique for increasing the terminal 
resistance (maximum current point) and, 
therefore radiation efficiency, is antenna fold- 
ing. This technique is beneficial to radiation 
resistance without decreasing antenna band- 
width. It was shown in 1958 that capacitive 
top loading and folding may be combined to 
produce a small broad-band antenna with 
high-radiation resistance. 

The authors emphasise that the important 
factor provided by a folded structure is that 
the cancellation of opposite polarity currents 
from the various elements generally results 
in a higher average impedance along the 
folded element as the number of folds in- 
creases: “What apparently has not been heay- 
ily investigated is the effect on radiation 
resistance of electrically small antennas of 
many folds. A meander antenna is an exten- 
sion of the basic folded antenna to include a 
large number of folded elements in various 
linear patterns.” They point out that an inter- 
esting property of meander antennas is the 
number of resonant modes beyond the low- 
est resonant frequency [It could be argued 
that meander antennas are closely related to 
fractal antennas - G3VA]. 

Fig 4 shows the electrical configuration of 
a prototype 20.1MHz meander monopole 
antenna much shorter than a quarter-wave 
high investigated at the Southwest Research 
Institute. Mechanical implementation of this 
antenna is outlined in Fig 5. The input im- 
pedance of this 17.5in high antenna with 21 
elements of No26 AWG wire was tested over 
a 3ft by 4ft ground plane. Measured imped- 
ance at first resonance (20.1 MHz) was 21.9Q, 
much higher than would be expected from 
an 0.03A monopole. The bottom fold feed 
points were usually at points 10-20% of the 
total antenna length and produced a 2:1 
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VSWR bandwidth of about 2-4% of centre 
frequency (about twice as wide as band- 
widths reported for reactively loaded 
monopoles 0.06A long). 

Another prototype antenna investigated 
was a 14.2MHz dipole with an overall span 
of only 3ft. A 2:1 VSWR bandwidth was 
measured over 6.5% of the centre frequency: 
Fig 6. When tested for radiation efficiency 
using the Wheeler method, this antenna ex- 
hibited a radiation efficiency of 80%, much 
higher than would be expected for a loaded 
0.05 dipole. 

The authors write: “Although meandered 
antenna structures have been investigated 
by others, there have been no known at- 
tempts to construct practical meandered an- 
tennas for tuneable applications. SwRI has 
developed several basic meander structures 
that lend themselves to switch tuning by the 
low-loss connection or disconnection of el- 
ements at various points on the antenna to 
optimise performance. Practical RF switches 
can be solid-state devices such as PIN di- 
odes, FETs, or even mechanical switches. 
The grounded mast of a meander monopole 
antenna can be a high-strength conductive 
mast that can be directly connected to the 
ground plane, offering also some protection 
from lightning strikes. Wide spacing be- 
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Fig 5: Typical mechanical structure of a meander 
monopole. The discs and central spacer ring or 
disc should be made from material offering good 
RF insulation. 
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Fig 6: A 14.2MHz meander dipole with a span of 
only 3ft. 


tween the elements and high RF voltage 
points allows transmission of high-power 
without arcing. . . Dipole configurations can 
be constructed consisting of two monopole 
meandered structures end-to-end, fed 
through a balun or unbalanced at their com- 
mon point.” 

The JEEE Trans paper notes that more 
work is needed to characterise the many 
possible meander antenna variants. It would 
seem to me the one possibility could be a 
1.8MHz antenna with possibly a 30ft (10m) 
metal support pole with a circular RF insu- 
lated disc at the top and then a series of zig- 
zag wires down to insulated stakes, rather in 
the form of an umbrella antenna but with the 
guy-like wires forming a single resonant 
mast plus wire, rather than forming a capaci- 
tive top-cap. The total wire-plus-metal mast 
length would be best determined by trial and 
error, and would need to be rather longer 
than an electrical quarter-wave due to its 
folded form. There would also seem to be the 
possibility of using this approach for a 
136kHz Marconi-type antenna (a resonant 
antenna would presumably require over 
500m of wire!) In this case, the higher the 
support pole and the more folded elements 
the better - but it could prove more efficient 
than most of the antennas now in use on this 
interesting and antenna-challenging band. 
At the other extreme, the meander antenna 
has possibilities for mobile or transportable 
operation on 1.8MHz, 3.5MHz or on the HF 
bands in restricted spaces. 


NEW LIFE FOR THE FT-101 

TT, MAY 1999 (p61) included the OST 
‘Hints & Kinks’ suggestion that the RF power 
valve type 6146B/8298A, still widely used 
in many of the valve and hybrid transceivers 
designed in the 1960s and 1970s, is apart 
from the heater ratings, identical to type 
6883B/8552. These, at least in the USA, are 
available at much lower cost. But some of 
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the most popular HF transceiy- 
ers of that era, including the 
Yaesu FT-101 and FT-101B, 
used valves originally intended 
for television line-output 
(sweep) stages, such as the 
6JS6A and later the 6JS6C. It 
should be noted that the much- 
modified FT-101ZD (with 
WARC bands) used the 6146B, 
but the FT-200 also used 6JS6 
valves. 

‘Hints & Kinks’ (QST, May 
1999, pp68-69) reprints from 
Radio ZS an article by Roger 
Davis, ZS1J, on providing a new 
life for the FT101. This points 
out that 6JS6A and 6JS6C valves 
have become rare and - even if 
you can find them - are often 
prohibitively expensive. Many 
FT-101 transceivers have been 
prematurely ‘retired’ because of 
the difficulty of finding replace- 
ment matched 6JS6 valves. 

He writes: “Far-superior 
6146B valves are available at a 
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moderate cost, if not in most 
junk boxes. In the October 1996 
issue of Radio ZS my article on 
the modification of the FT-200 
to take 6146s was published. In 
it, | mentioned that it should 
also be possible to modify the 
FT101 to take the same tubes, 
but I did anticipate a slight drop 
in Output power due to the lower 
plate voltage in the FT1O1, 
which is around 650V. 

“Recently I was given an FT101B to re- 
pair. . . and decided this was a prime candi- 
date for the modification. Before tackling 
this task I fitted a 0.01uF capacitor in series 
with C13 as a precaution. This 80pF often 
becomes leaky, destroying the final tubes.” 

ZS1J provides a blow-by-blow descrip- 
tion of the modification. Although this is too 
long to be reproduced here, Fig 7 gives an 
overview of the operation. The changes are 
listed briefly here. 

The main points are the replacement of the 
two 12-pin valve sockets with octals (four 
Phillips screws). Use the decoupling capaci- 
tors from the old sockets between where 
indicated with an asterisk and the closest 
ground points. To increase screen voltage, 
trace the orange wire from R14 to the C35 
and connect instead to C35, which is the 
300V line for the 12BY7 driver. Due to the 
lower inter-electrode capacitances of the 
6146B, two circuit modifications are needed. 
Since the permeability-tuned coil in the an- 
ode circuit of the 12BY7A (T103) on 28MHz 
uses the input capacitance of the PA valves, 
now reduced by some 25pF, this should be 
compensated for by fitting a small variable 
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Fig 7: ZSiJ’s modifications to the FT-101 to use 6146B valves in the power 
amplifier, in place of the hard-to-come-by 6JS6 TV line timebase sweep valves. 
(a) pictorial view; (b) circuit diagram. 


capacitance across T103 (this involves re- 
moving the two screws securing the circuit 
board carrying the trimmer capacitors, TC6 
to TC10). The final modification is to reduce 
the neutralising capacitance by removing 
the 100pF C125 and replacing it with a 2pF 
capacitor (indicated on diagram) and adjust 
the neutralizing capacitor to minimum ca- 
pacitance from below the chassis: “The set is 
now ready for testing, switching and final 
alignment.” Adjust the bias control fully 
counter-clockwise then adjust for 60mA in 
the SSB mode with no audio. With the trim- 
mer board unscrewed, set to 28.0MHz with 
preselector control at start of the 10-metre 
mark. With an insulated trimmer tool adjust 
the newly installed trimmer across T103 for 
maximum drive, being very careful not to 
touch the loose trimmer board, since there is 
high voltage on the components (see also the 
instruction manual page 25 section 3, para 
2). Check and, if necessary, adjust the neu- 
tralisation as on page 24 of the manual. 
When completed the FT-101 should deliver 
in excess of 100W output on all bands. 

Clearly it would also be possible to rewire 
the heaters in series to use 6883B 12.6V 
valves, as described in the May 7T. 
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MORE ON 
BATTERIES AND 
FUEL CELLS 

THE MARCH 1999 TT item 
‘200 Years of Batteries’ em- 
phasised the renewal of re- 
search and development inter- 
est in batteries and fuel cells, 
resulting from the current in- 
terest in developing environ- 
mentally-friendly electric ve- 
hicles (EVs) and at the other 
end of the power spectrum for 
such portable items as lap-top 
computers. 

With so many different types 
of rechargeable batteries now 
or soon to be on the market, 
selecting the best battery for 
your particular amateur radio 
application can be a compro- 
mise between cost and length 
of service. This is stressed in 
“Which Battery Should You 
Use in Your Equipment?’ by 
Don A Gagnon, WB8HQS 
(QST, April 1999, pp40-42). 
WB8HQS writes: “With sev- 
eral new battery types coming 
onto the scene in the last 10 
years or so, it’s hard to keep up 
with what’s available today! . . 

The tried and true standby 
batteries for hand-held trans- 
ceivers, video cameras and 
portable computers have been 
nickel cadmium (NiCd). For 
less-portable applications, 
sealed lead acid (SLA or Gel) cells are often 
used. Today we have nickel-metal hydride 
(NiMH), Lithium ion (Li-Ion), lithium poly- 
mer (Li-Polymer) and reusable alkaline. Each 
has good and bad features, and selecting the 
battery for your needs can be a real headache 
unless you understand those features.” 

He provides a useful summary of the 
pluses and minuses of these batteries: 

@® Nickel Cadmium (NiCd) - Mature tech- 
nology, used where long use life, high dis- 
charge rate and reasonable prices are impor- 
tant. Not good where long shelf life is essen- 
tial. 

@ = Nickel-Metal Hydride (NiMH) - Has been 
around for about 10 years, offers a somewhat 
better power density than NiCd, but also has 
a reduced total number of charge/discharge 
cycles and a lower peak output current (be- 
cause of higher internal resistance). 

@ Sealed Lead Acid (SLA) or Gel Cells - 
Best suited for higher-current power applica- 
tions, or those requiring low current for ex- 
tended periods of time. The downside of 
these batteries is their large physical size and 
weight. 

@® Lithium-Ion (Li-Ion) - A somewhat new 
technology, really emerging in the last five to 
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seven years, although it has been 
experimented with for some time. 
Li-Ion cells provide a much 
higher power density (power 
available per unit volume) than 
NiCd. The downside is that they 
require very tight control of 
charge current, charge voltage 
and discharge, to defend against 
plating metallic lithium inside the 
battery. 

@ Lithium Polymer (Li-Poly- 
mer) - Not commercially avail- 
able yet. Li-Polymer is a modifi- 
cation of Li-Ion technology and 
promises to be less expensive to 
manufacture, but will have a low 
maximum output current. Best 
suited for slow drain, low-cur- 
rent applications. 

@ Re-usable Alkaline - Cousin 
to disposable alkaline cells, the 
reusable cells are good for low- 
cost and low-power applications. 
They’re known for having a very 
low self-discharge rate [good 
shelf-life]. 

Technical characteristics of 
most of these rechargeable bat- 
tery types were given in TT, March 1999, 
p61, Table 1. 

WB8HQS stresses that “for safety and 
battery-life reasons, each Li-Ion battery pack 
must be equipped with control circuitry to 
limit the peak voltage of each cell during the 
charge cycle, and to prevent the cell voltage 
from dropping too low during discharge. 
Most of these circuits also properly limit the 
charging and discharging current and moni- 
tor the cell temperature. There are many 
battery-monitoring microcircuits available 
that perform all these functions with a mini- 
mal number of additional components, com- 
ponents that are intended to be incorporated 
into the battery pack itself. By carefully 
monitoring and controlling all of these pa- 
rameters, we can virtually eliminate the 
chance of plating metallic lithium within the 
battery. With such protection, charging the 
batteries involves simply attaching a proper 
voltage source to two terminals and the 
battery pack does the rest! A typical micro- 
circuit is the Benchmarq bq2058. 

“There are today many sources of Li-Ion 
cells including NEC, Energizer, Sanyo and 
GP Batteries. Although Sony is probably the 
world’s largest manufacturer of Li-Ion bat- 
teries, at this time they have chosen to keep 
that manufacturing captive and not sell them 
to outside users. 

“All-in-all, the hobbyist has several 
choices today in battery power, and Lithium- 
Ion appears to offer the best overall perform- 
ance for use in handheld transceivers and 
similar electronic equipment. The one 
‘gotcha’ you must pay very close attention 
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Fig 8: American Power Corporation’s prototype PEM hydrogen fuel cell system, 
for powering a single home, providing some 3kW at 120V AC (10kW peak load 
from the eight built-in lead-acid batteries). It is hoped when in full production to 
market such units in the US at about $5000, installed. Size about that of a large 
refrigerator (metre-cubed). Such systems could support full-power amateur 
operation from remote sites and homes not connected to the National Grid. 


to is the careful control and monitoring that 
is necessary during charging and discharg- 
ing. Luckily, there are several microcircuit 
manufacturers that can supply ready-to-go 
solutions to those issues.” 

Professor Colin Vincent in ‘Lithium bat- 
teries’ EE Review, March 1999, pp65-68) 
stresses that developments in lithium battery 
technology are currently being driven by the 
demands of consumer electronics products, 
although the emphasis will soon change to 
larger battery systems for electric vehicles 
and dispersed energy storage. He notes how 
the early lithium batteries were disposable 
primary button cells suitable for powering 
loads of a few microwatts over periods of 
several years, but stresses that energy from 
even the cheapest Leclanche consumer pri- 
mary cells cost over a thousand times that of 
domestic mains electricity. A button cell 
provides energy at a cost of over £10,000/ 
kWh! 

He writes: “The first commercial lithium 
primary cells were introduced by SAFT 25 
years ago, and the technology is now mature 
with over 50 companies in the market. . . The 
first volume production of AA-sized re- 
chargeable lithium cells was by Moli Energy 
in Canada in the 1980s. The safety record of 
early lithium secondary cells was not good, 
and it was not until the introduction of the 
first commercial lithium ion cell by Sony in 
1990 that the market became established 
with world-wide production of this type of 
cell now approaching 500-million units per 
year ,and with the first UK production due to 
commence in Thurso later this year.” 
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While large rechargeable 
lithium batteries for EV appli- 
cations have reached pilot pro- 
duction, the March 77 drew 
attention to the potential role 
for electric vehicles of new 
forms of the ‘fuel cell’ that 
was originally invented some 
160 years ago by the British 
physicist William Grove. Until 
recently their cost and their 
inappropriately high operating 
temperatures have restricted 
their use to military and space 
applications; for instance, 
aboard submarines and the 
space shuttle. 

It was pointed out in March 
that the new form of proton 
exchange membrane (PEM) 
hydrogen fuel cell offers a rela- 
tively benign power source for 
electric vehicles: “Operating 
at about 80°C and employing a 
thin plastic sheet as their elec- 
trolyte, they are easy and safe 
to handle in manufacture and 
in later use. . . other attractions 
include easy pressurization, 
low emissions, high conversion efficiency, 
fast start up, and fast responge to transients.” 

These remarks stemmed from an article in 
the November 1998 issue of JEEE Spectrum. 
More recently, a further article in the same 
journal ‘Fuel Cells For Homes and Hospitals’ 
by Ronald H Wolk (May 1999, pp45-52) 
shows that spurred-on by promising car and 
bus applications, designers are also develop- 
ing fuel cells to power single homes and even 
large building complexes such as hospitals. It 
surveys a number of different fuel cell ap- 
proaches and notes that: “Several designs are 
under way for power plants for the home 
employing PEM fuel cells. These are fuelled 
with hydrogen manufactured from natural 
gas in reforming systems that are part and 
parcel of a package that also contains battery 
packs to supply peak power, and a DC-AC 
inverter to supply power at 120V AC.” 

Ronald Wolk writes: “Although tremen- 
dous research progress has reduced the costs 
of these fuel cell stacks by a factor of 10 in 
the last decade, further reduction is required 
to meet the nominal economic goals set by 
the utilities industry of about $800-$1200/ 
kW installed, whether at home or in a central 
power station. American Power Corp of Bos- 
ton has a package containing two PEM fuel 
cells plus eight lead acid batteries. The cells 
produce 3kW of base load power, and to- 
gether with the batteries support a peak 
output of 10kW. Each package is about the 
size of a large refrigerator and is targeted to 
sell for less than $5000, installation included, 
when mass-produced in moderate quanti- 
ties. .. A prototype is in operation. Several 
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dozen units have been ordered by the utility 
companies for a demonstration programme 
to gain experience.” Fig 8 gives an idea of 
the prototype one-metre-cubed Residential 
Power Generator from Analytic Power, with 
two fuel cells each producing 1.75kW and 
with battery support to provide peak loads of 
10kW, 120V AC. The fuel cell itself is nearly 
dwarfed by the other components. 

Clearly, if the cost targets can be met in 
practice, it will become feasible to consider 
seriously the use of PEM fuel cell packages 
to provide power at remote sites and houses 
not served by the National Grid. A simplified 
package without batteries would supply some 
3kW of power and could presumably form 
the basis of a transportable or mobile power 
source for complete radio stations without 
the noise, fumes, etc of petrol or diesel 
electric generators. The PEM fuel cell may 
well come to have a role in amateur radio. 

Much of the JEEE Spectrum article is 
concerned with much larger power units, up 
to about 250kW. It is warned that many 
long-term observers of fuel cell R&D pro- 
grammes have repeatedly heard developers 
project that complete systems are within five 
years of attaining low enough prices for the 
competitive production of 


ATUs FOR BALANCED TUNED 
LINES 
AS A KEEN QRP operator, Glen Johnson, 
G4DUC, is convinced that the ‘punch’ 
achieved with his 5W signals is due to achiev- 
ing maximum power transfer into balanced 
resonant antenna feeders. Originally he was 
well pleased with the results achieved using 
a conventional Z-match ATU with switched 
(tapped) coil on the balanced output link 
coils when using a GSRV-type antenna, but 
with the 300Q line brought all the way into 
the shack. However, more recently he has 
found that significantly greater efficiency is 
obtained when particular attention is paid to 
the resistive/reactive combinations found at 
the transmitter end of a balanced line. He 
believes that the conventional transmatch 
type of ATU followed by a 4:1 balun at its 
output is inefficient when used with tuned 
feeder systems. 

The result is that he has experimented with 
a number of arrangements, all placing the 
unbalanced-to-balanced transformation at 
their input rather than output of the ATU. It 
has proved possible to achieve excellent 
current balance in the feeders using either a 
simple unbalanced matching technique or a 


electricity: “Those claims have 
been belied by the problems 
normal to the development of 
any sophisticated technology. 
Difficulties with scale-up, ma- 
terials that needed additional 
development, under-perform- 
ing components and improp- 
erly assembled system have 
all arisen. But progress over- 
all has been healthy, despite 
some discontinuities and de- 
lays. More vendors than ever 
are involved, more markets 
have emerged, and optimism 
is high. 

“By now, commercially at- 
tractive fuel cell products are 
close to emerging in the 200- 
2500kW capacity range. That 
is enough to provide base-load 
power to a small neighbour- 
hood. Recently, moreover, 
various systems using storage 


batteries for peak power re- (c) 


quirements to serve as eco- 
nomically viable residential 
power plants are emerging. . . 
Industry observers are confi- 
dent that these kinds of prod- 
ucts will go on sale within five 
years. Success could lay a 
foundation for a future in 
which fuel cell systems could 
be scaled up to hundreds of 
megawatts and used in central 
station power plants.” 
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Fig 9: Four ATU configurations for feeding balanced resonant feeders recommended 
by QRP enthusiast G4DUC, in which the unbalanced-to-balanced transformation 
precedes rather than follows the matching network. 
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purely balanced arrangement. The balun 
never has to cope with a reactive load [an 
important consideration when using any type 
of balun - G3VA]. 

Fig 9 shows four of his arrangements: (a) 
is used extensively by G4DUC and is based 
on the classic Collins coupler, widely used in 
the days when transmitters provided bal- 
anced output. The only modification is the 
balanced drive derived from a 1:1 current 
balun. With switched or plug-in coils it will 
match virtually anything likely to be pre- 
sented to it by a tuned line. (b) uses an 
unbalanced but floating pi-network design, 
but G4DUC finds the current balance still 
most acceptable (within 5% with careful 
layout) and with good power transfer. (c) is 
his favourite experimental arrangement, and 
he has so far had no problems matching 
anything with it (including small loops). The 
use of plug-in inductances of various values 
from 1yH to 30uH will cope with any amount 
of capacitive reactance, and the 250pF ‘tune’ 
capacitor with any likely inductive reac- 
tance. Where the line presents an inductive 
reactance, the inductor may be required. 
Matching to 50Q is accomplished by the 
conventional Z-match arrangement of ca- 
pacitive tapping, but in this 
case balanced. In operation the 
antenna system, including 
feeder, is brought to resonance 
with the 250pF ‘tune’ and/or 
250pF plus inductance. The 
50Q match being obtained by 
the S5OOpF matching capaci- 
tors forming a low impedance 
resonance condition with the 
whole system in an apparent 
series-tuned condition. For 
very low impedances (below 
about 20Q) it may be better to 
experiment with feeder length, 
although (d) could cope with 
low-impedances but is less suit- 
able for higher impedance/re- 
actance combinations. 

G4DUC has found that the 
most efficient balun for those 
in all these circuits is the ‘cur- 
rent’ type. Typically for 160- 
10 metres this can comprise 
14 turns of 502 coax wound 
on type 61 ferrite (not dust 
iron). 

While receiver-type vari- 
able capacitors are suitable 
for low-power operation, the 
problem of arcing can arise 
when higher powers are used. 
Unfortunately, high-voltage 
250pF, SOOpF and 1000pF 
variable capacitors do not 
come cheaply these days for 
those without well-filled junk 
boxes. 4 
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by Pat Hawker, G3VA* 


THE NOT-INVENTED-HERE 
SYNDROME 

IN BRITAIN WE have of course every rea- 
son to be proud of the record of our scientists 
and engineers in the sphere of radio. We 
greatly respect the role of Marconi, even if 
he had an Italian father and Irish mother and 
was basically more of an entrepreneur than 
an academic scientist (“You know I have 
always considered myself an Amateur” - 
Guglielmo Marconi). But we are less mind- 
ful of the role played by those professional 
Marconi engineers H J Round (1881-1966) 
and C S Franklin (1879-1964). Then there is 
the Scot John Logie Baird who ‘invented’ 
mechanical television (downplaying the roles 
of von Ardenne, Karolus, Mihaly, C F Jenkins 
and other pioneers in this field). Then there 
was Robert Watson-Watt who ‘invented’ 
radar - better not mention the German engi- 
neer Christian Huelsmeyer who, in 1904, 
patented and later demonstrated his 
“Telemobiloscope’ as a crude but practical 
form of marine radar, or the collision-avoid- 
ance system installed on the French liner 
Normandie in 1935. 

I was reminded how little we all tend to 
know of engineering work in other countries 
when I received an enquiry from an Ameri- 
can amateur who was seeking information on 
Franklin antennas. He wrote: “One reference 
calls this antenna a Marconi-Franklin, which 
makes me wonder if Franklin may have been 
British since Marconi operated in Britain when 
Italy wouldn’t support his work.” I hurriedly 
replied that Charles Samuel Franklin was not 
only British but was responsible for much 
more than the Uniform Antenna and the 
Franklin Beam Array. He was the radio op- 
erator on board the Philiadelphia when Mar- 
coni (who was also aboard), provided irrefu- 
table evidence that wireless waves could cross 
the Atlantic. He was granted 64 patents in- 
cluding the variable capacitor (1902) and 
ganged tuning (1907). He patented the re- 
generative receiver at much the same time as 
Armstrong’s work in the USA. His greatest 
achievement was the Marconi short-wave 
beam system, for which he developed the 
coaxial transmission line and the Franklin 
Master Oscillator (still one of the most stable 
forms of VFO). 

But before we think that Americans tend 
to be ignorant of all that happens outside 
God’s own country, we should look at the 
motes in our own eyes. Because of language 
difficulties, most of us tend to be singularly 
unaware of what was achieved in Continen- 
tal Europe. While British and American 
amateurs and professionsls did much to open 
the ‘short waves’ in the 1920s, it needs to be 
accepted that German scientists and engi- 
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Compact clandestine receiver- 
PSU-transmitter type SE108/10, 
designed about 1943intheAbwehr ~ 
workshops and used operationally 
in 1944-45 in Italy, etc, after the Abwehr had been 
taken over by the RSHA. Transmitter output 10 
watts, three-valve straight receiver and built-in 
Morse key. Receiver 3.8-5.9MHz. Transmitter 5- 
14MHz. Size, 380 x 140 x 60mm. Weight, 4.6kg 
(courtesy Rudi Staritz, DL3CS). 


neers made unique advances in the 1930s 
and early 1940s - we tend for historic rea- 


. sons to downplay the many important radio- 


engineering advances made in Germany 
during the Hitler regime (1933 - 45). One of 
those who have been attempting to put the 
record straight is the Dutch radio-historian 
Arthur O Bauer, PAOAOB, with his ‘Centre 
for German Communication and related Tech- 
nology, 1920-1945’ who has in recent years 
presented a number of papers in the UK as 
well as conducting research here. Last Feb- 
ruary at the ‘Evolution of Modern Electron- 
ics’ seminar at Imperial College, he gave a 
most interesting paper on ‘German Electron- 
ics between the Wars’. There is space here to 
quote only briefly from his paper, etc. He 
makes it clear that while, for example, most 
early communications receivers developed 
outside Germany were, more or less, en- 
hanced broadcast receivers in a metal hous- 
ing “Their circuit concepts were also very 
similar, even the same valves, coils and 
tuning capacitors were often employed. [The 
National HRO with its mechanical excel- 
lence due to James Millen is an exception - 


G3VA]. 

In the second half of the 
1930s, the German Air 
Forces engendered wireless 
equipment whose technol- 
ogy could well be described 
as ‘state of the art’ at that 
time. Lorenz introduced 
three-dimensional construc- 
tion technology, whereby 

optimal screening between 
stages was made possible and the optimal 
possible space-to-volume ratio was achieved. 
He makes it clear that until the end of the 
1920s, general devopments in Germany were 
comparable to those in other developed coun- 
tries. But then the Lorenz Company intro- 
duced magnesium-aluminium die-cast tech- 
niques (‘elektron alloys’) for chassis con- 
struction. At the same time, the Hescho 
Company developed ceramic substrates with 
stable dielectric properties, offering a very 
low-loss factor at HF and VHF. A third 
important factor was the invention of low- 
loss iron dust core material by Hans Vogt: 
“In Europe, both Switzerland and Germany 
had a penchant for the extensive use of 
complicated and fine mechanical construc- 
tion, and these three devel. ments were a 
contribution to that style of technology. . . 
The opportunity to create a new standard in 
valve design persuaded the military organi- 
sations to reduce the number of types of 
valves, greatly easing the supply of spare 
parts. For instance, the entire aircraft FuG 10 
installation was equipped with only two dif- 
ferent type of valves. The receivers em- 
ployed either eight or eleven RV12P2000 
valves and the transmitters only three 
RL12P35 valves with an anode dissipation 
of 35 watts (comparable to the 807).” 

A further transmitter valve was the LS50 
(50 watt dissipation), widely used in the 
Wuerzburg radar installations. Both power 
valves were designed for modular technol- 
ogy and needed only access 


from the top to be removed. 
The RV12P2000 was 
plugged upside down into its 
socket and could be easily 
mounted between two adja- 
cent compartments. Both 
types could be used up to 
about 200MHz, unusual for 
large-production valves of 
ther slates 19S 0sneeioe 
RV12P2000 became the 
backbone of nearly all Ger- 
man commercial and mili- 
tary equipment, and more 
than 16 million were pro- 
duced during WW2. It was 


A wartime German Army field transmitter-receiver with superhet 
receiver, turret coils and temperature compensated master oscillators. 


really a major step forward to 
supply a maintenance organi- 
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sation with only two different valve types for 
an entire radio installation. As Walter Farrar, 
G3ESP, wrote in 1947: “For use as triodes 
and diodes, the anode and grids were strapped 
together; and in one MF superhet a pentode 
was employed quite successfuly as a dou- 
ble-diode-triode, the suppressor grid acting 
as the diode anodes, and the screen-grid as 
the triode anode. This simplified both valve 
manufacture and provision of spares, and 
appeared to have no adverse effect on the 
performance of the receiver.” 

The German military equipment achieved 
a high degree of frequency stability without 
the use of quartz crystal oscillators, incorpo- 
rating voltage regulator valves and both 
static and dynamic temperature compensa- 
tion by its use after 1933-34 of low-loss 
titanium-dioxide ceramic capacitors. The 
problem of variable capacitor arcing, par- 
ticularly at high altitudes was overcome by 
the use of improved iron-dust cores (devel- 
oped by Hans Vogt) in the excellent German 
range of variometers which have been previ- 
ously featured in 77. For the FuG 10 trans- 
mitter, both stages used variometers as the 
tuning device, with both tuned by only one 
knob. Initially new techniques had to be 
explored to counter the saturation problems 
of the iron dust cores, and later rather bulky 
blocks of sintered iron dust-cores were used 
inside the variometers. 

PAOAOB also described the effective vari- 
able-bandwidth crystal filter used in the re- 
markable Koeln [Cologne] E52 HF commu- 
nications receiver, covering 1.5 to 25MHz 
with a six-gang tuning capacitor. Some 2500 
were produced between 1942/3 and 1945; 
and it was almost certainly the most ad- 
vanced HF receiver of the decade, with a 
performance that is seldom bettered even 
today. It had a servo-tuning system which 
enabled control remote from the main re- 
ceiver (a technique adopted post-war in the 
UK, etc), motor controlled tuning of four 
memories for each band. The high IF for this 


period of 1MHz gave an image rejection at 
20MHz of better than 96dB! The symmetri- 
cal crystal filter response was variable be- 
tween 200Hz and 10kHz, based on a filter 
developed by Kautter of Telefunken, with 
the crystal input and output LC circuits 
detuned in opposite directions, using ganged 
tuning: “Donald Prins in 1990 plotted the 
filter response of the IF module and meas- 
ured 130dB down without any trace of side 
lobes! The two crystal filters were aided by 
six-resonant LC filter sections between the 
mixer stage and the first IF stage, followed 
by two further IF stages, each with its ganged 
variable-bandwidth crystal frequency. (Fig 
1). A truly remarkable receiver for 1942/3! 


THE ELUSIVE CONJUGATE 
MATCH 

IN TT JULY 1999, p54 and TT May 1999, 
p61, I referred briefly to the belief that “for 
maximum power transfer the output or source 
impedance [of a tuned RF power amplifier] 
is the complex conjugate of the antenna’s 
impedance”, quoting as a recent endorse- 
ment of this view the 23-page article by Dr 
John Belrose, VE2CV; Walter Maxwell, 
W2DU; and Tom Rauch, W8JI (Communi- 
cations Quarterly, Fall 1997, pp25-48) 
VE2CV coupled conjugate matching with 
the statement that the operational bandwidth 
of a tuned high-Q loop transmitting antenna 
system can theoretically be double that of 
the antenna alone, although admitting that 
he had found the increase to be somewhat 
less in practice. 

In July I noted that there has been a long- 
lasting controversy among some of the lead- 
ing (professional) boffins of our hobby as to 
the validity of applying the concept of conju- 
gate matching to RF power amplifiers, point- 
ing out that my former IBA colleague, Tony 
Harwood, G4HHZ (ex-BBC and Racal engi- 
neer), was one of those firmly resisting the 
validity of applying conjugate matching 
theory in this application, but adding: “This is 


a controversy into which I have no intention 
of entering at this time.” 

If only life were that simple. Now, having 
once raised the topic, it is clear that readers 
are not prepared to let it rest there. 

Furthermore, having referred to the long 
pro-conjugate-match VE2CV, W2DU and 
W8JI article, it seems beholden on me to draw 
attention to a detailed rebuttal by Warren 
Bruene, WSOLY: “The Elusive Conjugate 
Match in HF Tuned Power Amplifiers’ (Com- 
munications Quarterly, Spring 1998, pp23- 
31). WSOLY was the senior Collins transmit- 
ter engineer who persuaded the ARRL to 
remove references to conjugate matching of 
HF power amplifiers from the Radio Ama- 
teurs Handbook and other ARRL 
publications.He writes: “Ever since I became 
a transmitter design engineer at Collins, I 
knew that a ‘conjugate match’ did not exist at 
the plate of a tuned HF power amplifier. But 
the author of a series of articles in OST in 
1973 and 1976 and later writings claimed 
otherwise.” [The articles were ‘Another Look 
at Reflections’ by W2DU, which ran to at 
least seven parts - G3VA] 

WSOLY continues: “I did not challenge 
him until I noticed this material in an ama- 
teur handbook and learned he was the au- 
thor. In personal correspondence in 1989, I 
thought I had changed his mind, but I have 
found that is not the case.” This was rather 
embarrassing, since I recalled having quoted 
extensively from W2DU’s excellent series 
not only in 7T but also in the now out-of- 
print Amateur Radio Techniques and A Guide 
to Amateur Radio under the heading ‘SWR 
Facts & Fallacies’. This material remains 
valid and does not directly mention conju- 
gate matching. Nevertheless, references to 
conjugate matching in connection with RF 
amplifiers still exist in some current RSGB 
publications and the concept has been men- 
tioned from time to time in 77 and other 
RadCom articles. There can however no 
longer be any real doubt that WSOLY and 


- 


from mixer 


Bandwidth 


Fig 1: Original German circuit diagram of the 1MHz IF stages of the 1942 Koein E52 HF communications receiver, providing a symmetrical response 
with bandwidth continuously variable from 200Hz to 10kHz and with six-gang preselection tuning, providing an image rejection at 20MHz better than 


96dB (from PAOAOB’s paper). 
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SINE WAVE AUDIO OSCILLATOR 


TRI 


2N3819 


©RSGB RC2235 


Fig 2: Simple sine-wave audio oscillator providing 
an output of about 8V peak-to-peak at about 1kHz, 
(Source Electronics World). 


those other engineers who believe that it is 
technically incorrect to apply the ‘Maximum 
Power Transfer Theorem’ in the form ‘ 

for maximum power transfer the output or 
source impedance (of the Power Amplifier) 
is the complex conjugate of the load (an- 
tenna system) impedance’ have a strong 
case. 

Bob Pearson, G4FHU, writes: “Alas, 
though often repeated in radio textbooks, 
for power amplifiers it is usually a 
misapplication of a theorem that applies 
only to ideal linear circuits. Its proof de- 
pends upon there being no limit to any 
signal level, and it may therefore only be 
applied safely to semiconductor amplifier 
circuits when they are operated at signal 
levels way below those limited by various 
considerations of supply, breakdown and 
dissipation, and where non-linear device 
behaviour is not significant. 

“In circuits that do obey the ideal condi- 
tions of the theorem, the power dissipated 
in the signal source is equal to that in the 
load. It is an appropriate condition for 
many low level circuits such as those found 
in receivers and the early stages of trans- 
mitters. It may also be a useful starting 
point for the design of some moderate 
power stages, but is unlikely to be the 
optimum operating condition for a final 
transmitter amplifier stage. 

“To give just two simple examples that 
highlight the error: (a) What use would 
there be for a power station that used half 
the generated’ power to supply the sur- 
rounding district and the other half to heat 
the alternator? and (b) How can a class B 
amplifier have a theoretical maximum 
power transfer efficiency of 7/4 times 
100%, ie 78.54%, if half the signal power 
is in the load and half in the source? 

“Practical power sources have to be used 
with load resistances larger than the source 
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FROM THE ‘Circuit Ideas’ columns of 
Electronics World (April 1999) comes the 
very simple audio sine-oscillator, capable 
of providing a useful modulator drive, etc. 
shown in Fig 2. Using two small-signal 
FETs, type 2N3819, and just five other 
components it provides an 8V_ peak-to- 
peak output at about 1kHz. Davor Virkes 
of Zagreb, Croatia, claims that total har- 
monic distortion is around 10% and may 
be lessened by increasing the value of R3, 
although this will reduce the output swing 
and may make starting more uncertain. 
Similarly, he suggests that any resistance in 
the drain of TR1 will probably reduce 
performance. I recall including in 7T many 
years ago, a basically similar arrangement 
as an HF oscillator using a tuned circuit, 
rather than an RC time constant. 


resistance to permit practical efficiencies. 


_In the case of an RF power amplifier it is 


not even easy to specify what the output 
impedance actually is, since the device 
parameters, such as junction capacitance, 
vary during the signal cycle. However, in 
any well designed amplifier, running near 
full output, the average output resistance 
should certainly be less than the chosen 
optimum load resistance (often wrongly 
called the output resistance). This would 
account for the overall bandwidth of an 
amplifier and antenna system being rather 
less than twice the bandwidth of the an- 
tenna system alone. However, in measur- 
ing the bandwidth of an antenna system, 
one could perhaps do it more precisely and 
meaningfully in terms of its receiving re- 
sponse with a pure resistance load.” 

Many of these points are made also by 
Tony Preedy, G3LNP: “Anyone who still 
believes that the output stage of a transmit- 
ter should have an impedance equal to its 
load should visit a modern broadcast trans- 
mitting station, or even an electricity gen- 
erating plant. If a power station were loaded 
to the point where the generators saw their 
own resistance as the load, they would be 
dissipating as much power as they were 
generating! The same with transmitter fi- 
nal stages. . . If the transmitter final stage 
were delivering its rated output power and 
the conjugate impedance theory were in 
operation, it could not be anything but 
50% efficient. Modern AM broadcast trans- 
mitters, employing digital or switched mode 
amplfiers, have final stage efficiencies 
above 95%. The resistive component of 
the output impedance must in this case be 
only 2.5Q referred to a 50Q system. Any 
attempt to present the conjugate imped- 
ance would overload the associated power 
supply by a factor of 20 and tend to reduce 
the efficiency to 50%. 
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“Linear amplifiers have by definition an 
efficiency that is proportional to output 
power. If they don’t, they are not linear! A 
theoretical class B linear amplifier achiev- 
ing 71% efficiency at PEP has a source 
resistance of 20Q, referred to a 50Q sys- 
tem. At half PEP it will have an efficiency 
of 35.5% and a source resistance of 90Q. 
The source resistance appears as addi- 
tional damping when connected to the 
antenna (analogous to damping of loud- 
speakers by low efficiency audio amplifi- 
ers). If one used this amplifier with a high- 
Q antenna, matched to 50Q, the system 
bandwidth would be lowest at PEP and 
would increase at lower output power. 
There will in this case be an intermediate 
power level where the source resistance is 
50Q, and only at this power level will the 
system bandwidth be twice that of the 
antenna. This can be easily verified by 
checking the 3dB bandwidth, ie the fre- 
quency separation between points where 
the load current falls to 0.707 of maxi- 
mum, at different power levels for a trans- 
mitter driving a high Q load. This phenom- 
enon was known to plague broadcast trans- 
mitter engineers in the 1920s, when they 
used class B linear amplifiers to drive high 
Q LF antennas. The bandwidth at high 
modulation levels was significantly less 
than at lower levels. oe 

“The reason that antenna engineers like 
to stick with the maximum power transfer 
theorem and the conjugate impedance 
theory is, I believe, that without it they will 
have to specify feeder cables of much 
higher voltage ratings than they can eco- 
nomically justify. Given their own way, all 
transmitters would be interfaced to anten- 
nas via attenuators! 

“For example, if, in a 50Q system, the 
transmitter impedance were 50Q, as dic- 
tated by the conjugate impedance theory, 
the maximum voltage that could appear on 
the feeder under fault condtions would be 
twice the working voltage. However, if the 
source impedance is 2.5Q, as with a mod- 
ern amplifier, the maximum fault voltage 
is 20 times the working voltage. Again, 
this can be easily verified by connecting a 
2.5Q generator (eg a 50Q generator with 
2.7Q shunt) to an open quarter-wavelength 
of 50Q feeder and comparing the voltage 
at the remote end with that at the generator. 

“The maximum power transfer theorem 
is best confined to antenna research estab- 
lishments where 50Q signal generators are 
used to drive 50Q antennas!” 


THE DREADED Y2K BUG 

ARE YOU WORRYING whether the dreaded 
‘Millennium Bug’ will affect your amateur 
radio, computer and/or microprocessor sys- 
tems? An article in OST (April 1999, pp56- 
58) by Karl F Anderson, W6JUA, with a 
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major contribution by ARRL staffer Joe 
Bottiglieri, AAIGW, seems generally reas- 
suring in regard to transceivers, although 
satellite tracking software and widely used 
logging programs are likely to need patches. 
The main problem for the home arises from 
appliances with imbedded controllers that 
involve ‘knowing’ what date it is. W6JUA 
counsels: “The best advice is to expect the 
least, but prepare for the worst. Don’t become 
swept up in the Y2K hysteria, but make some 
calm, prudent preparations so that you'll be 
ready to cope with whatever may happen.” 
Personally I find my PC isn’t waiting for 1 
January 2000 to kick me in the teeth. I lost the 
entire text of the first three-quarters (over 
3000 words) of one month’s 77 and had to 
start all over again from scratch - the very real 
worry is that I still don’t know just how or 
why it happened (yes, I always make good 
use of the ‘save’ facility), so it could all 
happen again at any time! Such a personal 
catastrophe never happened when I used pen 
and paper or a typewriter, or even with my 
obsolescent but reliable Amstrad WP! 


YAGI! ANTENNAS USING 
GENETIC ALGORITHMS 
FOR OVER at least a decade it has been 
widely recognised by both professional and 
amateur antenna designers that a major de- 
sign-aid has resulted from widespread use of 
the Numerical Electromagnetics Code (NEC) 
based on Harrison’s Method of Moments 
(MoM), permitting computer analysis of pro- 
jected designs while still in the planning 
stage. NEC determines the current distribu- 
tions on each wire of a selected antenna 
design and from these, the radiation charac- 
teristics. NEC has been progressively re- 
fined with recent software packages, usually 
based on NEC2 or NEC-2D (Numerical 
Electro-magnetics Code, Version 2, Double 
Precision). Many antenna designs appearing 
these days in the amateur radio journals 
include radiation patterns etc, based on the 
use of NEC software on PCs, preferably 
verified in practice. 

Since about 1997, a highly significant 
new development has been the use of Ge- 
netic Algorithms (GAs) in conjunction with 


BATTERY VOLTAGE 
INDICATORS 
A USEFUL LITTLE device for keeping a 
wary eye on the condition of a storage bat- 
tery up to the 13.8V range is described by 
Donald G Varner, WB3CEH in OST (Octo- 
ber, 1998, pp50-51): Fig 3. It requires only 
a single Maxim 8211CPA-2 programmable 
voltage detector, a multi-turn trimmer pot, a 
100k fixed resistor and a red LED as a visual 
indicator. Optionally it can be fitted also witha 
- 
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Fig 3: Circuit diagram of the low voltage indicator. 
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Sonalert or similar audio alarm having a 
working range of the order of 6 to 28V DC 
and current drain of 3 to 14mA or therea- 
bouts, with a toggle switch to select which 
indicator. Quiescent current is only about 
201A, rising to 14mA with the LED activated 
or about 5mA with the sound alarm. R2 
adjusts the threshold voltage at which the 
alarm operates. WB3CEH concludes: “This 
approach provides flexibility and reliability 
when monitoring battery voltage levels. It 
can be used ina variety of applications where 
low voltage detection and indication are de- 
sired. It’s an inexpensive project, too.” 

A low battery voltage detector suitable for 
use with 3V lithium backup batteries that 
draws a mere 0.3uA is described in the 
“Circuit Ideas’ feature of Electronics World 
(October, 1998) by Yongping Xia: Fig 4. 
This uses a Panasonic MN1381G inconnec- 
tion witha 74HC132. The MN1318G output 
is normally high, forcing IC1b to stay high. 
If the battery voltage falls below the thresh- 
old of 2.5V, the 1381 output goes low and 
allows IC1b to oscillate with a 5s period. 
Each negative-going edge is differentiated in 
C2/R2 and the output of ICld drives the 
LED; 


L 
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Fig 4: A low voltage indicator, suitable for 3V lithium batteries etc, normally taking under 0.3pA. 
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NEC. This provides a revolutionary and ex- 
tremely powerful new approach to antenna 
design, which seems certain to play an im- 
portant role in the future, for both profes- 
sional and amateur designs, including, par- 
ticularly, multi-element Yagi arrays. The 
following notes are based largely on three 
recent papers: Two articles by Dr Richard 
Formato [WW IRF, former K1POO] in Elec- 
tronics World ‘Genes and Yagis’ (August 
1998, pp646-648) and ‘Improving VHF 
Yagis’ (June 1999, pp505-509); and a con- 
ference paper ‘An Optimized Shaped Yagi- 
Uda Array Using The Genetic Algorithm’ by 
Dr Brian A Austin [GOGSF/ZS6BKW] and 
Wen-Chung Liu, both of the University of 
Liverpool (National Conference on Anten- 
nas and Propagation, 30 March - | April 
1999, IEE Conference Publication No 461, 
pp245-247). 

The aim here is primarily to show how 
GAs can improve antennas, even for those 
of us who are computer illiterates, rather 
than to attempt to explain how or why GAs 
work and how to use them. WW IRF looks at 
this question in the first article by comparing 
four 12-element Yagi antennas designed 
using genetic algorithms. In effect, this is 
done by the computer searching a ‘decision 
space’, which is defined by specifying mini- 
mum and maximum values for each antenna 
parameter. He stresses that only antennas 
falling within these limits are allowable solu- 
tions to the optimum solution, a characteris- 
tic of GAs that gives an antenna designer 
exceptional flexibility. 

The process is introduced in the Liverpool 
paper as follows: “Until recently, traditional 
techniques used the Method of Moments 
(MoM) to determine the current distributions 
on each wire of a selected antenna configu- 
ration and, from these, the radiation charac- 
teristics were calculated and compared with 
a target specification. The procedure is itera- 
tive and both experience and some approprti- 
ate candidate configurations are usually re- 
quired to ensure success. By contrast, the 
GA is based on the processes of natural 
selection and the ‘survival of the fittest’ in an 
evolutionary system, which leads iteratively 
to the desired specification with minimal 
foresight or pre-conditioning on the part of 
the designer. In using the GA, all design 
parameters are encoded into a string of bi- 
nary bits known, unsurprisingly, as a chro- 
mosome, while each parameter is repre- 
sented by several bits - the genes. The genes 
are the basic building blocks of the GA and 
map directly to the associated real, physical 
properties of the antenna. The immense power 
of the technique is its ability to satisfy a 
performance criterion without any a prior 
knowledge of candidate configurations, and 
the facility for finding the global optimum 
result.” 

The paper shows how a simple three- 
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Fig 5: The optimised Vee-shaped Yagi-Uda 
antenna (L2 driven element) designed at the 
University of Liverpool by Brian Austin, GOGSF 
and Wen-Chung Liu, using the Genetic 
Algorithm. Computed gain of 12.1dBi. The linear 
elements of about 1.54 do not present the 
constructional problems presented by curved 
elements of earlier ‘optimum’ designs, yet 
provide higher gain and directivity. 


element Vee-shaped antenna with the ele- 
ments roughly 1.54 can achieve markedly 
better directivity than the elaborate element- 
curvature used for the Liang/Cheng (1983) 
or the Landstorfer (1977) antennas. The 
Landstorfer design with its curved 1.5A ele- 
ments has been described a number of times 
in TT (most recently June 1998, p59, Fig 7) 
in which it has been noted that a VHF an- 
tenna of this type, reported in 1982 by Dr 
Landstorfer, provided a forward gain of 
11.5dBi, sidelobe attenuation better than 
20dB and a front-to-back ratio of 26dB. 
The Liverpool work with the GA pro- 
duced an optimized array which would be 
relatively simple and straightforward to con- 
struct, at least for SOMHz and above (or 
possibly below 5OMHz in the form of a fixed 
array). As shown in Fig 5, the GA-optimized 
array comprised three, linear elements with 
included angles of the order of 100°, in 
marked contrast to the elaborate element 
curvature that was found necessary in the 
Liang (11.8dBi) and Landstorfer (11.5dBi) 
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Fig 6: Radiation pattern of the optimized Vee- 
shaped Yagi-Uda using linear elements. 
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arrays. 

Fig 6 shows a plot of the gain against the 
azimuth angle of the Liverpool array, show- 
ing a maximum gain of 12.1dBi - some 
0.6dB better than the Landstorfer design and 
0.3dB better than that of Liang. The half- 
power beamwidth meets the specified 30°; 
the front-to-back ratio 16.6dB and front-to- 
side ratio 15.9dB. The computed input im- 
pedance is given as 20.44j19.9Q. 

WW 1IRF’s ‘Genes and Yagis’ article com- 
pares four 12-element Yagis designed us- 
ing GA. He points out that each element in 
a Yagi-Uda array has three design param- 
eters: length, spacing, and radius. The 
minimum/maximum range of each param- 
eter can be set on an element-by-element 
basis, although the usual approach is to 
restrict all elements in the same way. For 
the four arrays described the range of 
elements (in terms of wavelength) were 
reflector 0.35 - 0.65; driven element 0.35- 
0.60; and directors 0.3-0.6; element spac- 


ing 0.05-0.5, limiting the longest boom to 


5.5X. For the first three designs, element 
radius was constant at 0.003369A. His 
fourth design allowed the driven-element 
radii to range from 0.001 to 0. 0075A. His 
first array was a sub-optimum design to 
illustrate that a GA does not produce a 
single ‘best’ design, but instead produces 
a group of designs, with each design ranked 
from best to worst. This feature, he claims, 
may be very useful, since even sub-opti- 
mal designs may be attractive in some 
instances. ; 

His second design (Fig 7 and Table 1) 
provided a maximum gain of 15.26dBi with 
an F/B ratio of 20.5dB and an input imped- 
ance of 19.8+j0.4Q. Incidentally, his fourth 
design with slightly lower gain (14.53dBi) 
had an input impedance. of 48.8-j0.1Q, re- 
sulting in an SWR of only 1.02 when fed 
with 50Q cable. Number 3 was gain maxim- 
ised (15.86dBi) but had an input impedance 
of 5.34+j179.3Q, making it unsuitable for use 
with a coaxial feeder. 

In his later article ‘Improving VHF Yagis’, 
WWIREF uses GA to design a 12-element 
VHF Yagi antenna suitable for use with a 
300 open-wire transmission line. He em- 
phasises that high-impedance Yagis can im- 
prove VHF antenna system performance, 
because of the much lower attenuation of 
open-wire line (typically 0.25dB/100ft at 
144MHz). The widely used RG-8 foam- 
dielectric coaxial cable has a loss of about 
2.1dB/100ft). He writes: “The easiest way to 
take advantage of the extremely low attenu- 
ation of open wire line is to design a good 
Yagi with a high input impedance. One 
approach is to use a half-wave folded dipole 
as the driven element. Another is to increase 
the input impedance of the usual centre-fed 
linear dipole driven element by proper place- 
ment of the array’s parasitic elements. His 
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Fig 7: One of the four VHF 12-element antennas 
developed by Dr Formato, WW1RF, using the 
genetic algorithm. See text and Table 1. 


design matches 300Q line. The positions, 
lengths and spacings of the ‘directors’ are 
certainly unconventional: Fig 8. For full 
details refer to EW, June 1999. 

Yagi Genetic Optimizer version 2 used by 
WWIRF is a freeware program, available on 
the web (Ray Anderson, WB6TPU’s ‘NEC 
Archive’ web site, URL: http://www.qsl.net/ 
wb6tpu). This uses NEC-2D, also available 
on the web or directly from the Applied 
Computional Electromagnetics Society 
(ACES) Attn; Dr Richard W Adler, ACES 
Executive Officer, ECDE Dept., Code ECAB, 
Naval Postgraduate School, 833 Dyer Road, 
Room 437, Monterey, CA 93943-5121, 
USA. 

One thing seems certain, genetic algo- 
rithms are going to play an important role in 
future antenna designs and may result in 
some unexpected variations on traditional 
designs. And at least genetically-modified 
antennas present no new health or environ- 
mental hazards! + 


Element 
(reflector) 
(driven element) 
(first director) 
(2nd dir.) 
(3rd dir.) 

(4th dir.) 

(5th dir.) 

(6th dir.) 

(7th dir.) 

10 (8th dir.) 

11 (9th dir.) 

12 (10th dir.) 


Length 
0.5006 
0.4549 
0.4388 
0.4318 
0.4141 

0.3624 
0.3718 
0.4012 
0.4200 
0.4035 
0.4176 
0.3471 


Spacing 
0.0000 
0.2388 
0.2671 
0.3006 
0.3641 
0.2582 
0.3218 
0.1806 
0.2424 
0.4876 
0.3218 
0.4559 


1 
2 
3 
4 
5) 
6 
7 
8 


Ne) 


Table 1: WW1RF’s 2nd design. Dimensions interms 
of wavelength. 
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Fig 8: The ‘high-impedance’ VHF 12-element 
antenna developed by Dr Formato, WW1RF, using 
the genetic algorithm and described in Electronics 
World, June 1999. The 300Q input impedance 
enables the array to be fed from low-loss open- 


wire line. 
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XDSL AND RFI 
THE POTENTIALLY serious problems pre- 
sented by the development of Power Line 
Telecommunications [now cancelled - Ed] 
have been well covered in RadCom’s News 
and EMC columns, but there is less aware- 
ness of the equally serious and perhaps 
more imminent difficulties likely to arise 
from the introduction by the telecommuni- 
cations industry of the family of high speed 
data services sent over the unshielded 
twisted copper wire pairs that are used for 
the ‘plain ordinary telephone service’ 
(POTS). The announcement at the end of 
July that British Telecom is to compete 
head on with the cable companies, by 
introducing technology capable of carry- 
ing 40 times the digital information con- 
ventionally carried on standard telephone 
lines, is a clear indication that we are on 
the verge of meeting the sort of RFI prob- 
lems associated with PLT but which may 
build up more widely and more quickly. 
Many amateurs will have already experi- 
enced the problem of interfering with their 
own or their neighbours POTS, but there 
seems reason to believe that high speed 
digital signals carried on standard tel- 
ephone lines will represent the additional 
problem of HF noise radiation affecting 
weak signal reception. 

David Williams, G3CCO, recently drew 
my attention to a long article ‘High-speed 
copper access: a tutorial overview’, by 1 K 
Czajkowski, in the IEE’s Electronics & 
Communication Engineering 


by Pat Hawker, G3VA* 


a downstream data rate of up to 8Mbit/s, 
carrying the data in the spectral range of 
25kHz to 1.1MHz. 

VDSL (Very high speed Digital Sub- 
scriber Line) is due to be standardised this 
year or next [see also EMC column, Octo- 
ber 1996 - Ed]. It will be capable of being 
operated in either the asymmetric or sym- 
metric modes. For example, a downstream 
mode of up to SOMbit/s and upstream of up 
to 2Mbit/s (asymmetric) or downstream 
and upstream each up to 26Mbit/s (sym- 
metric). In this case the data signals oc- 
cupy the spectrum 300kHz up to more 
than 1OMHz (maximum 30MHz). 

ADSL and VDSL are part of the family 
of high-speed telecommunication data 
services known collectively as xDSL. Both 
can be delivered to the home over an 
existing pair of telephone wires, with the 
first 4kHz of spectrum continuing to carry 
the normal telephony (POTS). Clearly the 
distance over which MF or HF signals can 
be carried over untwisted telephone pairs 
is limited, but the systems are designed to 
overlay the existing broadband optical fi- 
bre networks without incurring the high 
cost of running fibres all the way into 
homes. The xDSL technologies can de- 
liver high-speed data over reaches of 4- 
5km, around 1|.5km and less than 300m, 
depending on the architecture selected. 
The important point from the viewpoint of 
the radio amateur is that the entry into the 
homes is simply on untwisted copper wire 


Journal (June 1999, pp125- 
148). This points out that the 
massive growth in the use of 
Internet has produced a re- 
quirement for fast and faster 
access to residential custom- 
ers. To download a file of 
10Mbytes (eg a 1.5 minute 
video clip encoded in MPEG- 
1) would take 46 minutes with 
a 28.8 kbit/s modem; 23 min- 
utes with a 56.6 kbit/s modem; 
about 10 minutes on an ISDN 
line at 128 kbit/s; but under 
one minute with ‘ADSL-lite’ 
at about 1.5 Mbit/s; about 13 
seconds with ‘ADSL’ at 6Mbit/ 
s; and only 3 seconds with 
‘VDSL’ at, say, 26 Mbit/s. 
ADSL (Asymmetric Digital 
Subscriber Line) is a new sery- 
ice already standardised inter- 
nationally and coming into use 
in North America and Europe. 
It can provide an upstream 
data rate of up to 1Mbit/s and 


Insertion loss (dB) 
I 
. > 
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pairs which can both pick-up and radiate 
signals. 

In a section devoted to “RFI issues’, I K 
Czajkowski considers the problems both 
of ingress (ie signals from a local transmit- 
ter affecting the data transmission) and 
egress (ie RF noise radiation from the 
system affecting local weak-signal recep- 
tion). Strong MW broadcast (AM) trans- 
missions are seen the main ingress prob- 
lem in the USA, where transmitters are 
often sited in town centres. This is uncom- 
mon in the UK, although I well remember 
when the IBA opened its London MW 
transmitters at Saffron Green, near Barnet, 
there were a number of complaints from 
north-west London that the programmes 
could be heard when using the telephone. 
It is claimed that the xDSL systems have 
been designed to operate in the presence 
of strong AM broadcast transmissions, 
while RF leakage from xDSL should not 
interfere with the reception of strong broad- 
cast systems. It is stressed that xDSL sys- 
tems must conform to EMC requirements 
and “cause no interference to other li- 
censed users of the RF spectrum”, though 
I doubt whether this would be held to 
include interference to weak DX-signal 
reception! 

The article continues: “The considera- 
tion of radio amateur transmissions re- 
quires very different treatment from the 
AM broadcast situation. The radio ama- 
teur community is a large one, whose mem- 
bers are very experienced users 


Bridge tap 
(length varies) 


No bridge 


eerF tap 


VDSL 


Frequency (MHz) 


Fig 1: Simulated insertion loss as a function of frequency for an American 
National Standards Institute (ANSI) test subscriber loop incorporating a 
bridge tap to provide an extra 20dB protection on 7MHz, 10MHz, 14MHz 
and 28MHz with appropriate bridge taps as filters. Also shown is the 
insertion loss, assuming termination of the bridge taps (3dB loss). 
Diagram of the test-loop is shown at the top of the figure (‘CO’ is central 
office, ie local exchange). The spectral allocation to ADSL and VDSL is 
indicated at the bottom of the figure. (From Electronics & Communication 
Engineering Journal) 


Terminated 
bridge tap 
— (3dB loss) 


of the spectrum allocated to 
them, comprising a number of 
separate bands, many of which 
fall in the HF spectrum under 
30MHz. Radio amateur trans- 
missions are not a relevant con- 
sideration for ADSL [this seems 
an unduly optimistic claim, since 
amateur transmissions can af- 
fect POTS and some modems! - 
G3VA] but must be considered 
for VDSL... Unlike AM broad- 
cast transmitters, they are dis- 
tributed among the population. . 
. The interference sources (the 
amateur antennas) are close to 
telephone network drop-wires. 
12 Because radio amateurs often 
listen to very weak signals, the 
issue of egress must be taken as 
seriously as ingress. Radio ama- 
teurs move house... the interfer- 
ence environment is neither a 
predictable nar a constant prob- 
lem in any _ particular 
area....{/Amateurs] use SSB and 
there is no carrier to lock on to, 
and the presence of an amateur 
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cannot be detected except while transmit- 
ting. Additionally, amateurs tend to have 
unusual and somewhat unique usage pat- 
terns. They are very frequency agile, often 
jumping between bands, and to compli- 
cate matters are often listening rather than 
transmitting. 

“ETSI (European Telecommunications 
Standards Institute) is proposing a noise 
model for VDSL including a radio amateur 
interferer at OdBm differential mode signal. 
Within ANSI (American National Standards 
Institute) signals as high as -5dBm have 
been discussed... It is the careful considera- 
tion of the possible risks of egress interfer- 
ence in the amateur bands that has led to an 
inclusion of notching of the transmitted power 
spectral density in the draft standards re- 
quirements. VDSL systems will be required 
not to transmit powers greater than -80dBm/ 
Hz in the amateur bands, whilst transmitting 
at up to -60dBm/Hz - which is still about 
20dB less than PLT, and better balanced - in 
other parts of the spectrum. [These 20dB 
notches are thus similar to those proposed 
for PLT and while welcome are hardly likely 
to placate the DX community - G3VA\]. Fig 
1 shows the simulated insertion loss (as a 
function of frequency for the more demand- 
ing ANSI test loop incorporating a bridge 
tap, showing the result for 10m, 20m, 30m 
and 40m bridge taps together with the inser- 
tion loss assuming termination of the bridge 
taps. The diagram also shows the result of 
omitting the bridge tap filters. 

On the question of ingress RFI, the article 
reports the results of modelling the risk from 
ingress interference from radio amateurs in 
Raleigh, North Carolina. This showed the 
proportion of homes at risk of -SdBm worst 
case interference, assuming a 30dB balance 
in the amateur bands (or -25dBm interfer- 
ence assuming 50dB cable balance). Whilst 
the proportion of homes at risk in the inner 
city was found to be small (less than 1%), in 
the suburban area the risk is much more 
significant (nearly 10%). While these results 
should not be directly transferred to a UK 
situation, it does show “the possibility of 
amateur transmissions resulting in a sizeable 
interference level on an access line is a real 
one, and that VDSL systems will need to be 
completely robust in the presence of ama- 
teur radio signals.” With different manufac- 
turers and different levels of installation skill 
there must remain serious doubts whether 
“complete robustness” will be achieved! 

The potential problem is emphasised by 
the comments: “By chance, the interfer- 
ence threat from/to CT! cordless tel- 
ephones was identified as an issue for 
VDSL. CT1 base stations in the UK trans- 
mit to the handset in the 1.6 to 1.83MHz 
band, and the base stations and the anten- 
nas are typically sited very near the entry 
point of telephone cables into the house. 
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Fig 2: NTOZ suggests that a two- or three-sided 
“room-divider” noise shield is a useful adjunct 
when using a portable or emergency power 
generator. Such noise shields can be constructed 
from heavy cardboard or carpet-covered 
plywood, preferably with hinges. Never attempt 
to “box-in” a noisy generator in a covered or four- 
sided “box”! (QS7). 


We have measured interference levels in 
the laboratory from CT1 greater than those 
from AM broadcast stations. This example 
highlights the requirement for the VDSL 
line code to be flexible in dynamically 
notching out regions of spectrum with un- 
foreseen RFI.” 


FIELD, EMERGENCY & 


STANDBY POWER 
GENERATORS 

DESPITE THE STEADY progress in solar 
arrays, wind generators and the potential 
of fuel cells, the majority of field operation 
of amateur stations still depends, as it has 
done for over 50 years, on the use of an 
engine-driven portable power generator 
(PPG) fuelled by petrol or diesel (although 
paraffin [US kerosene], propane and natu- 
ral gas PPGs are also available in the USA 
at higher cost). My own wartime experi- 
ences using ONAN and Tiny Tim units left 
me with an abiding realisation that PPGs 
require careful handling if they are to give 
reliable and safe service. 

Kirk A Kleinschmidt, NTOZ, in ‘How to 
Choose and Use a Portable Power Genera- 
tor’ (QST, June 1999, pp59-61) empha- 
sises that if you’re operating “off the grid” 
a portable generator may be just what you 
need. He provides practical advice about 
choosing the right generator and using it 
safely: “Generators - like all engine-pow- 
ered devices - can injure or even kill you if 
you don’t respect them. And unlike your 
engine-driven garden tractor, mower, etc, 
these powerhouses can electrocute you 
(or others). Don’t be afraid - but do pay 
attention.” 

NTOZ considers such questions as choice 
of generator, listing four generators rang- 
ing from 1.4 to 3.5kKW continuous output, 
calculating the capacity (power required), 
size and weight, engines and fuel, run 
time, noise, voltage and frequency regula- 
tion, DC output for charging batteries, etc. 
Under the heading of ‘Using your genera- 
tor’ he includes the following advice: “Re- 
gardless of the earthing method you choose, 
a few electrical safety rules remain the 
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same. Your extension cords must have 
intact, waterproof insulation, three ‘prongs’ 
and three wires, and must be sized accord- 
ing to loads and cable runs. Use 14-16 
gauge, three-wire extension cords for low- 
wattage runs of 100ft or less. For high- 
wattage loads, use heavier 12-gauge, three- 
wire cords designed for air compressors, 
air conditioners or RV service feeds. If 
you use long extension cords to power 
heavy loads, you may damage your gen- 
erator and/or your radio gear. When it 
comes to power cords, think big. Try to 
position extension cords so they won’t be 
tripped over or run over by vehicles. And 
don’t run electrical cords through stand- 
ing water or over wet, sloppy terrain.” 

Among his handy tips are to keep the 
generator reasonably stable with a varying 
load (keying a transmitter for example) by 
running continuously a small load such as 
two light bulbs as a constant load to reduce 
power and voltage swings. After use, con- 
sider adding a small amount of petrol sta- 
biliser to keep the fuel from oxidising and 
gumming-up the carburettor. 

He admits that engine noise can be dis- 
turbing: “Set up the PPG in an out-of-the- 
way area and make a two- or three-sided 
sound shield from carpet-covered plywood 
or stiff cardboard (these look like small, 
folding room dividers): Fig 2. Keep the 
sound absorber/reflector between you and 
the generator. Do not make a four-sided 
shield or put the generator into any type of 
box. Generators need airflow to keep cool. 

Some 12 years ago, Wendell Tulencik, 
K8OIP, (7T, November 1987 or see TT 
Scrapbook, 1985-89 p200) provided ten 
commandments for operating an emer- 
gency or field-day installation: 

(1) Use only the fuel recommended by 
the manufacturer. 

(2) Pour fuel through a large-mouth fun- 
nel with a fine screen to filter out dirt and 
other contaminants. 

(3) Keep waste cloth or paper towelling 
handy for blotting spills. Store properly in 
a covered metal waste bin. ; 

(4) Keep a supply of lubricating oil 
handy. 

(5) Have some 50 or 100ft extension 
cords available. 

(6) Keep at least one CO2 or dry-powder 
fire extinguisher ready for instant use when 
handling fuel. 

(7) A torch with good batteries is a must. 
Two torches are better than one! 

(8) Check fluid levels and start the alter- 
nator at least once a week. 

(9) If you have trees close to the house, 
keep a small chain-saw handy. 

(10) Use a small trickle charge to keep 
the (starting) battery charged. 

K8OIP stressed the need to provide safe 


‘Storage of fuel and warned of the dangers 
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i6V solar 
Panels 
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Fig 3: KSCN proposes this “KISS” form of an emergency or field solar- 
charging system. D1 to D5 are 6A, 50 PIV diodes. By using one 8V and one 
6V vehicle battery, and power diodes as voltage-dropping ‘resistors’ there 
need be little of the solar power wasted. Charging may be done simultaneously 
with use of the radio equipment. W1 is a 20A switching circuit breaker and 
separately fused two-pin polarised sockets and a cigar lighter socket 


complete the output power access. (QST7) 


of fume and engine heat, pointing out that 
the exhaust fumes of petrol, diesel, natural 
gas or propane engines are all lethal and 
must be properly vented out of any enclo- 
sure without relying on natural ventila- 
tion. 

A month or two later, C J Chapman 
added as 11th and 12th Commandments: 
“When you have spilled fuel over the gen- 
erator, allow it to dry thoroughly before 
starting it up! Petrol/oil mixtures take quite 
a while to dry thoroughly. The twelfth 
commandment is to check the output volt- 
age before connecting your radio equip- 
ment. Governors have been known to go 
wrong.” 


CHARGING BATTERIES FROM 
SOLAR CELLS 
BOB WILKINSON, G3VVT, while on 
leave from the Middle East read with some 
interest the June TT item from G4PEY on 
the use of a step-up inverter and battery- 
voltage regulator in conjunction with a 
17W solar array. 

He writes: “In the Middle East I work as 
a communication technician at remote sites, 
few of which have public power. So the 
generation and provision of electrical 
power has always been a crucial item. 
Solar power has long been used for smaller 
power loads but, of late, the trend has been 
to provide even quite high power require- 
ments in this way. 15kW solar arrays are 
now found being used to run completely a 
microwave site, including emergency air 
conditioning, etc. 

“With daily exposure to the problems 
of providing power from solar sources, I 
found G4PEY’s solution, while very el- 
egant in providing a regulated source of 
13.6V DC, still flawed as an efficient means 
of providing power from solar arrays. The 
major drawback is that his panel provides 
only 17W maximum output. During an 
average day, there are normally only 8 
hours (or less in the UK) of usable sun- 
light. Thus his array would provide only 8 
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day. Of this some 
20% is being 
wasted in the volt- 
age upconverter, 
reducing the sup- 
ply to some 108W 
per day available 
to charge the bat- 
teries. However, 
of even greater 
significance is the 
voltage regulator 
between the bat- 
teries and load. At 
the worst case of 
the batteries being 
floated at 20.25V 
DC (the correct figure for gel/maintenance- 
free batteries at 2.25V per cell) the power 
that has to be dissipated in dropping that to 
13.6V DC at 20A is a staggering 133 
watts! 

“In practice, these days, all solar panels 
are fitted with blocking diodes to prevent 
the battery discharging back through the 
panel. With simpler systems, the solar ar- 
ray is formed from a group of panels in 
parallel to raise the power capability, and 
this is fed to a regulator(s) to control the 
battery charging. The regulator normally 
has a relay or contactor to feed the array 
current straight through on full charge to 
avoid power loss, then switching to a regu- 
lated feed at the nominal float voltage 
once the initial daily equalise period of the 
battery has been passed. With the more 
complex systems with multiple arrays the 
optimum method is to balance the power 
requirements after equalising the battery 
by reducing the number of arrays on line 
to provide the required float voltage. Dur- 
ing the equalise period, series diodes are 
automatically added to the load feed to 
drop the voltage to safe levels (CEMF 
diodes). In the long term this method is 
more reliable than a series regulator, as it 
does not waste power or add unwanted 
heat. 

“I feel that G4PEY is missing the point 
of efficient power conservation. The sys- 
tem might also be compared to the average 
mobile installation, where voltage varia- 
tions of 12.0 to 14.0V DC are handled 
without any serious problems arising.” 

By coincidence, some of the same points 
are made in an item ‘The Solar KISS’, a 
contribution by Bill Edwards, KSCN, to 
the ‘Hints & Kinks’ column of the June 
QST. KSCN points out that one of the few 
negative considerations about using solar 
power is the loss inherent in dropping the 
typical 16V panel output to a safe value for 
equipment intended to operate at 13.8V. 
(KU7G, the column’s editor, points out 
that most mobile equipment allows a +/- 


+6V (TP3) 


oGnd (TP4) 


10% tolerance, ie operating from 12.4 to 
15.2V). Charging some (nominal) 12V bat- 
teries at the full panel voltage output can 
be injurious, just as applying 16V to some 
equipment may damage it.” 

To avoid the hassle and cost of a voltage 
regulator, KSCN devised a simple system 
for his two solar panels producing 16V at 
up to 4A. He made a battery of 14V by 
series connecting 8V and 6V units, point- 
ing out that suppliers now make 8V batter- 
ies to replace the 6V batteries used in older 
cars and using an isolating diode to protect 
the panels from reverse current that could 
flow if they were connected directly to the 
batteries and the panel voltage fell below 
that of the battery - a common occurrence 
in view of the dependence of solar cells on 
the strength of the sun. Using two 6A 
SOPIV power diodes in parallel as the iso- 
lator there will be a voltage drop of 0.7V, 
reducing the output to 15.3V which is only 
just above the recommended maximum 
charging rate for a 14V battery. As shown 
in Fig 3 he has added three more diodes 
and a rotary switch to provide outputs at 
14.6, 13.9 and 13.2V. WI1 is a circuit 
breaker or fuse to protect the diodes and 
the 14V output from the batteries is fused 
at 20A or as required. Test points TP1 and 
TP2 allow the voltages to be monitored. 
This KISS arrangement may appear crude, 
but for typical amateur applications the 
maximum power loss (at 16V 4A, ie 64W 
from the solar panels) is only 2.8W. 


ANTENNA CURRENT 
MONITORING 

FOR MANY YEARS I have found it useful 
to monitor the RF current flowing to the 
antenna. Originally I used ex Air Ministry 
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Fig 4: (a) Circuit diagram of the VK2AUI simplified 
antenna current monitoring device. (b) Pictorial 
view. As shown, with a 10-turn winding, and a 
200W transmitter in a 50Q system, the output is 
up to about 2V. 
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thermocouple ammeters, but soon found 
these very vulnerable to overloads. Since 
then I have tended to make use of small 
pilot lamps (torch bulbs) shunted by short 
lengths of wire. This works fine, but has 
the problem that the impedance of the 
shunt is frequency conscious and it is 
seldom satisfactory to use the same shunt 
on all HF bands. In the ‘Hints & Kinks’ 
column of the June 1999 OST, John S 
Innes, VK2AUI, revises his earlier system 
for simplified antenna current monitoring: 
Fig 4. This uses the established technique 
of a toroid used as a current transformer, 
utilising the fact that a wire passing through 
the toroid acts as a one-turn ‘winding’. 

VK2AUL writes: “The value and power 
rating of the load resistor depend on the 
current monitored and the voltage needed 
for the diode rectifier and meter. Let us 
assume the antenna current is 2A for a 
200W transmitter in a 50Q system. Practi- 
cal values might be ten turns for the trans- 
former secondary and a 10Q load resistor 
across it. Because of the turns ratio, one- 
tenth of 2A will flow in the secondary 
circuit (in this example 0.2A through the 
10Q resistor produces 2V, a convenient 
value for the meter circuit). More turns 
produce a lower voltage because they di- 
vide the current by a larger ratio from the 
‘one-turn’ primary. For these values the 
resistor dissipate 0.2 x 2 watts, ie 0.4W, a 
higher value of resistor gives more voltage 
for the meter but dissipates more power. . 
. the circuit is a very practical, useful aid to 
mobile work [in my opinion antenna cur- 
rent monitoring should prove equally use- 
ful with fixed, mobile or portable installa- 
tions - G3VA]. 


RF VOLTAGE PROBE 

JOHN A SHARE, G30KA writes: “Re- 
cently, I had the need to discover which 
stage in the transmit chain of a 144MHz 
multimode transceiver had developed a 
fault. The logical procedure would be to 
measure the RF voltages along the path 
using an RF probe with a standard digital 
or analogue multimeter. A suitable probe 
circuit is given in many of the handbooks 
(Fig 5(a)) together with constructional 
details using a valve holder and associated 
screen can. 

“However, my construction method (Fig 
5(b)) may be of interest. This used.a piece 
of single-sided PCB 7mm by 32mm with 
the pads cut using a craft knife. By mini- 
mising the component lead lengths so that 
they fitted close to the surface of the board 
I found that the resulting unit could be 
enclosed by a length of heat shrink tubing 
and then formed a small ‘lump’ on the end 
of the coax cable. The far end of the cable 
was fitted with two 4mm plugs which 
plugged directly into my low-cost digital 
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Fig 5: G3OKA’s RF voltmeter probe for use up to about 150MHz. it can be enclosed in a length of heat 
shrink tubing. (a) Circuit diagram. (b) Component layout. 


multimeter (DVM). 

“T had anticipated that the detector di- 
ode would need to be an exotic VHF de- 
vice, but I found that the unit functioned 
quite satisfactorily up to 1SOMHz using a 


_general purpose OA47 detector diode. The 


little add-on RF probe now resides in the 
multimeter box.” 


HERE & THERE 

GERRY WHITEHEAD, G2ACZ, reports 
an interesting outcome to the item on the 
Air Ministry ‘No 1969’ Morse key incor- 
porating a spark gap, described and illus- 
trated in the July TT (pp 54-55). He writes: 
“T was intrigued to see the reference to this 
key as I have had one for many years and 
never been quite sure of its true origins and 
age. After making an initial enquiry via 
RAF Cosford I was referred to the RAF 
Museum at Hendon, and subsequently re- 
ceived the following information which 
may be of interest to others: 

“The key first appears in lists of Wire- 
less Stores in June 1919 and it is assumed 
that it replaced the wartime ‘876’ key 
sometime after July 1918 and saw service 
during the latter part of WW1 and the 
immediate post-war period. The key would 
seem to have been associated with the type 
“52” series of Spark transmitters which 
were used on large flying boats, small 
airships, and DH6 aeroplanes, and addi- 
tionally for artillery co-operation. By 
AP1086 (1925 edition), the key is no longer 
listed.” 

G2ACZ continues: “The RAF Museum 
at Hendon advised me that they did not 
hold a type ‘1969’ key. Therefore I have 
been quite happy to donate mine to the 
Museum.” 

Frank Cooper, G2QT, bought one of 
these keys in 1932 from Elextradix for 
about 2s 6d (12.5p) and used it for many 
years (it is still in his shack). He writes: 
“To me the big attraction was the back 
contacts. | used an HRO and separate fi- 
nals for some years. Coupled to each tank 


coil was a coil in series, via a high-speed 
relay, with the antenna coil of the HRO. 
The back contacts keyed the 24V supply 
to the relay. This gave me full break-in. . . 
On my last visit to the Science Museum the 
key was on display as an early Morse key. 
.. lve had a paddle for some 10 years but 
make too many mistakes and still use the 
straight key! I envy the fellows bashing 
away at 25-30WPM on their paddles.” 


IAN WHITE, G3SEK, passes along the 
news that the August 77 item on short 
meander dipoles and monopoles has at- 
tracted the attention of Rick Littlefield, 
KIBQT, a frequent contributor to Commu- 
nications Quarterly, who has started an 
Internet discussion on the topic, has al- 
ready built an experimental model of the 
3ft 14MHz dipole and has contacted Tom 
Warnagiris, one of the two authors of the 
IEEE Trans paper. There is space this 
month for only a few comments: “Tom 
Warnagiris tried the 14MHz dipole de- 
scribed in the paper on the ham band. . . 
made some contacts. . . got good signal 
reports. .. people didn’t believe it was a 3ft 
dipole.” The work has been patented, but 
SWRI have no objection whatever to ham 
experimentation (US tax-payer money paid 
for the project), but due to other commit- 
ments would not welcome further enquir- 
ies. Tom sticks by the efficiency and band- 
width claims as published in TT, but feels 
that the primary application for this type of 
antenna might be for mobile or airborne 
communication. “It’s complicated to make 
and easily detuned by surrounding objects 
in the near field. . . if you can’t get it high 
and in the clear it would be better to use a 
conventional dipole.” Unfortunately, prac- 
tical trials by KIBGT and others, sup- 
ported by NEC simulations, does not con- 
firm the efficiency and bandwidth claims 
made by the SWRI authors in /EE Trans. 
The Im dipole, constructed according to 
SWRI paper, appears about 15dB down on 
a reference full size dipole. Even so, me- 
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In the outcome, GZLWM 
decided not to make the 
G4TRN adjustments and 
feels that the Icom caution- 
ary comments should be 
passed to others using rigs 
with surface-mounted 
potentiometers. He adds: 
“Give me a nice old pot any 
day.” The old pots may have 
had the tendency to become 
‘noisy’ and need an occa- 
sional squirt of switch 


Fig 6: G3DXZ's electronic fuse. 


ander antennas seem an interesting ap- 
proach. 


A SHORT NOTE from Ray Herbert, 
G2KU, comments: “Apropos the item in 
the August 7T on the meander-type 
1.7MHz attic antenna described by G2QM 
in 1939, I can confirm that the non-induc- 
tive zigzag ‘loading-coil’ really works. I 
have one in the loft.” Ray is editor of the 
Baird Television Newsletter and as a pre- 
war staff-member of the company has done 
much to keep alive interest in John Logie 
Baird as a pioneer of mechanical televi- 
sion, his later work on airborne TV and his 
wartime work on electronic colour TV. He 
was also instrumental in ensuring that at 
least some recognition was given to the 
role of the Voluntary Interceptors (Box 
25) and SCU3 operators in the recent [EE 
‘Secret Machines - British Code-Breaking 
in World War Two’ exhibition at Savoy 
Place, London. 


JEFF HARRIS, G3LWM, as a “proud” 
owner of an IC-706 Mk2 transceiver was 
interested in the July 7T item ‘Audio Gain 
& the IC-706 Mk2’ in which G4TRN 
showed how the SSB audio gain could be 
increased in order to avoid the need to 
shout when using a microphone providing 
less than the specified 10mV output. How- 
ever, he felt it advisable to obtain the 
views of the Icom Service Support depart- 
ment before re-adjusting his rig. 

Chris Ridley of Icom replied: “The ad- 
justment described will have the effect of 
increasing the microphone gain but care 
should be taken as too much gain will 
cause overloading and distortion. The lev- 
els used by Icom to set the ‘Tx Gain’ 
control are chosen to ensure that the radio 
will meet specification under all input con- 
ditions. After adjustment great care should 
be taken if other microphones or pre-am- 
plifiers are used. Also note that surface- 
mounted potentiometers will only take a 
limited number of adjustments before they 
‘self-destruct’ (emphasis added by 
G3LWM).” 
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cleaner fluid, but you could 
go on adjusting them for 
years! 


ELECTRONIC FUSE Mk2 

CHAS FLETCHER, G3DXZ, feels that it 
was unwise to recommend the electronic 
fuse shown in the July TT to readers, who 
may have the impression that it is a sure- 
fire arrangement. He fears that it could 
prove unsatisfactory in practical applica- 
tions than would appear to those who 
have not had professional experience of 
zener-controlled systems which can prove 
tricky to use. 

He writes: “The circuit (Fig 2 of July 
TT, page 53) is basically a zener regulated 
supply, with TR1 and TR2 increasing the 
current supply capability. Zener regula- 
tors are not the easiest things to design and 
the value of the zener series resistor (1k in 
this example) needs to be calculated for 
each application since it is dependent upon 
the supply voltage/output voltage relation- 
ship and the current gain of the power 
transistors. To get it right is not at all easy. 
Second, the TR4/TRS pair are not con- 
nected as a thyristor, as stated in the Elec- 
tronics World description. If they were, an 
overload would reduce the output to zero 
volts. As it is, the output voltage will col- 
lapse to the point where the output current 
stabilises at the overload limit, or else the 
output volts at roughly half the input volt- 
age. I am also puzzled why a 1uF capacitor 
is needed across the zener diode (perhaps 
the original application was prone to spikes 
of overload voltage?).” 

G3DXZ adds: “IC regulators, although 
generally proof against short circuits and 
overheating, unfortunately draw nearly full 
load current from their supply when over- 
loaded; so, if one wishes to guard against 
this problem and still wants a fast DC 
circuit breaker, then a MOSFET probably 
offers the best series element currently 
available. Fig 6 shows a sample circuit 
arrangement which is intended for inclu- 
sion in a supply line liable to overload. If 
regulation is required, this circuit should 
be inserted between the PSU and the regu- 
lator. Its advantage is that under overload 
conditions it will reduce the drain on the 


PSU to virtually zero until the RESET but- 
ton is pressed. Interestingly, if the highest 
speed of disconnection is not needed, you 
still cannot beat an assisted relay!” 

In this DC interrupter arrangement the 
switch will work efficiently from 6 to 50V 
without component changes in the over- 
load detector circuitry. Rs is set in just the 
same way as for the July arrangement. The 
MOSFET is selected according to the maxi- 
mum supply voltage and load current: for 
example, a BUZ271 on a small heatsink 
will handle 20A at up to SOV. It will start 
in the ‘on’ state and is reasonably proof 
against transients. 


END OF THE SILICON ROAD? 
THE SHRINKAGE OF silicon-based chips 
continues to take place, with ever more 
transistors on a single chip. 

In 1970, when the first LSI (Large Scale 
Integrated) devices appeared, some 100 to 
5000 components were squeezed on a chip. 
Today the 64 Mbit memory chip contains 
some 64,000 times as many components as 
the first 1 kbit devices. This steady increase in 
components with corresponding decrease in 
the dimensions of the oxide gates are said to 
follow “Moore’s Law’. Gordon Moore in 
1965 predicted that for each new generation 
of memory chip and microprocessor unit on 
the market, the device size would reduce by 
33%, the chip size increase by 50%, and the 
number of components on a chip would 
quadruple every three years. This has proved 
an accurate prediction and still shows no sign 
of ending. 

But, as noted by Max Schulktz in ‘The 
end of the road for silicon?’ (Nature, 24 
June 1999, pp729-730) the discovery that 
a layer of silicon dioxide must be at least 
four to five atoms thick to function as an 
insulator suggests that silicon-based mi- 
crochips will reach the physical limits of 
miniaturisation by about 2012. In 1997, a 
gate oxide of a microchip MOSFET had 
thinned down to about 25 silicon atoms 
thick, and it is now possible in the labora- 
tory to produce gate oxides only ten sili- 
con atoms thick. By about 2012 Moores 
Law predicts that gate oxides may be about 
five silicon atoms thick (1.3 nanometres), 
and thus reach the physical limits of mi- 
cro-miniaturisation of silicon. He con- 
cludes “For the next 12 years, microelec- 
tronic circuits based on silicon technology 
will remain the basis for further 
‘electronisation’ of our world . . . Silicon 
technology is still the most reliable and 
cost-efficient way to fabricate large micro- 
electronic circuits. It is almost unthinkable 
that we are nearing the end of the silicon 
era, but in the meantime silicon chips will 
be further enhanced. Eventually science 
and industry will have to find new ways to 
build faster and larger computers.” + 
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CRYSTAL & CERAMIC FILTER 
MISCELLANY 

HOME-BREWING of IFand signal-frequency 
crystal or ceramic ladder filters is still an area of 
amateur radio which can bring substantial eco- 
nomic savings as well as high performance. 
While even simple filters can be better than 
nothing, a good filter requires a significant de- 
gree of expertise in order to achieve a specified 
response curve. A useful new guide to the design 
and construction of crystal ladder filters has been 
written by John Pivnichny, N2DCH, and pub- 
lished by MFJ Publishing (listed in the 1999 
MFJ Group products catalogue distributed by 
Waters & Stanton, although not found in the 
associated UK price list). 

N2DCH has kindly sent me a copy of his 
book, in which he has attempted to bring together 
for the first time almost everything that has been 
published in American and European journals 
on ladder crystal filters, including the early work 
in France, where the first notes for amateurs was 
published in Radio-REF by J Pochet, F6BQP, 
reported in 7T, September 1976, followed shortly 
after by the first of the comprehensive articles by 
J A Hardcastle, G3JIR, Radio Communication, 
December 1976 (republished in OST, December 
1978). N2DCH’s book provides a list of 40 
references to relevant material in professional 
and amateur journals and books. His own inter- 
est was stimulated by Wes Hayward’s “Design- 
ing and Building Simple Crystal Filters’, OST, 
July 1987, and he has subsequently written a 
number of articles on ladder filters in various 
American periodicals (some noted in 77). 

Certainly the book fulfils the publisher’ s claim 
that “anyone interested in the development and 
construction of Ladder Crystal Filters will find 
this a handy reference guide . . . [These filters] 
have had an appeal because crystals of just one 
frequency are required...” 

With a wealth of practical information at a 
readable level packed into its 134 pages, reflecting 
European as wellas American work, itmay seem 
cavil to note the absence of any reference to the 
article by JA Hardcastle, G3JIR “Computer-aided 
ladder crystal filter design’, Radio Communica- 
tion, May 1983, pp414-420. Also missing is any 
reference to 7T (December 1980, pp1294-5), 
which described the first switched-bandwidth 
ladder filter as developed by Dave Gordon-Smith, 
G3UUR. I was also embarrassed to find a filter 
design (7T, January 1994) by Colin Horrabin, 
G3SBI, attributed to me, although I acted only as 
the reporter. Undoubtedly a useful book for any- 
one contemplating building ladder crystal filters, 
but not wanting to get too deeply into advanced 
design complexities. 

Interest of late has turned also to the design of 
high performance ladder filters using low cost 
ceramic resonators, rather than quartz crystals 
(see for example the notes from LA8AK and 
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by Pat Hawker, G3VA* 


Fig 1: Three of G3UUR’s 
ceramic ladder filters. (a) 
Original 1983 design fora 
700Hz bandwidth 
Gaussian-transitional CW 
ceramic ladder filter, using 
Murata CSB455E 
resonators on their series 
resonance at 442kHz. 
Shape factor 6/60dB, 5.2. 
Insertion loss, 12dB. (b) 
USB configuration for5kHz 
BW0.3cB ripple Chebyshev 
bandpass filter on 1MHz. 
X1-X8 are Murata 
CSB1000J ceramic 
resonators with parallel 
capacitors to tune them to 
the correct design 
frequency. Shape factor 6/ 
60dB, 2.0. (c) Chebyshev 
0.1dB ripple design using 
ceramic resonators. 
Centre frequency 
approximately 7.075MHz, 
BW 50kHz. X1-X4 Murata 
CSA7.37 used on series 
resonance. Capacitors 
marked * selected to tune 
X1 and X4tocorrect design 
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G3JIR in TT, April and June 1999). After many 
years absence from 77, Dave Gordon-Smith, 
G3UUR, returns witha long letter covering inter 
alia his work on ceramic resonator and crystal 
ladder filters. Since 1983 he has produced an 
extensive range of high performance ceramic 
filters on 455, 500 and 560kHz and a few odd 
filters on such frequencies as 1,2 and7.075MHz 
for special purposes: see Fig 1. 

He writes: “I started with SSB and CW filters 
using the LSB configuration and got quite satis- 
factory results. However, remembering a ‘math- 
ematical doodle’ that I did back in 1977, when! 
was deriving a way of calculating the effective 
inductance of quartz crystals due to the presence 
of the static capacitance, I decided to try the USB 
configuration. The doodle predicted that the 
apparent Q at the parallel resonance would be 
greater than that at series resonance. Looking at 
the motional parameters of the 455kHz resona- 
tors, it became apparent that they were ideally 
suited to this configuration, since they produced 
such convenient values of coupling and tuning 
capacitors when compared to the LSB configu- 
ration. [have always avoided the USB configu- 
ration for quartz filters because the termination 
resistances are usually in the megohms and the 
coupling capacitors are a fraction of a picofarad 
- pretty inconvenient values! 

“My range of 455, 500 and 560kHz filters 


Device & Frequency Q 


frequency. 


have termination resistances between 10k and 
100k. The coupling capacitors are a few pF to 
tens of pF, depending on the bandwidth. They 
can replace Collins 455 and 500kHz mechanical 
filters. In all cases I can beat Collins on shape 
factor and insertion loss. What] have not been 
able to check is the temperature performance. 
During the last few years | have begun produc- 
ing 560kHz filters with bandwidths of 2.5 and 
4kHz, for use in R1155 receivers. These have 
been 8- and 10-pole designs, although I have 
made up to 14-pole designs on 455kHz and 12- 
pole designs on SOOKHz. 

“Earlier contributors have been concerned 
with the spurious responses of ceramic ladder 
filters. A look at the spurious responses of 
commercial ceramic filters show that these cer- 
tainly require the use of additional LC tuned 
circuits to reduce spurious responses to accept- 
able levels. We should not expect otherwise from 
our discrete ceramic ladder filters. Remember 
that the anharmonic modes in quartz crystals can 
produce unacceptable spurious response levels 
in both ladder and lattice configurations. No 
designs using quartz or ceramic filters in the IF 
stages of areceiver should be totally devoid of 
additional LC filtering. [Consider the use of the 
six extra LC circuits used in front of the crystal 
filters in the 1 MHz IF stages of the German E52 
wartime receiver, shown as Fig | inthe Septem- 


Static 


Motional Loss 


Motional 


High Median Low capacitance capacitance inductance (Q) 


Murata CSB455E (455kHz) 3200 2400 1100 19.5pF 275pF 6.6mH Vigil) 
Murata CSBS500E (500kHz) 2910 2150 1250 15.3pF 235pF 7mH 10 
Murata CSB560J (560kHz) 1550 1300 950  12.1pF 182pF 7mH 18 
Murata CSB1000J (IMHz) 2150 1730 1180 5.9pF 80pF 4.5mH 16 


Table 1: Ceramic resonator Q ranges and typical parameter values. 
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Fig 2: Simple 4-pole 
ladder crystal filter 
with four trans- 
mission zeroes 
giving symmetrical 
response. The 
adjustable 3.9pF 
capacitors setthe two 
end section nulls on 
the low frequency 
side of the passband. 
2.4kHz BW, 70dB 
ultimate attenuation, 
1dB Chebyshev 
design. 


Cy toresonate with 
“2 transformer 
inductance 


ber 7T - though this may be overkill! - G3VA]. 

“Ceramic resonators have arole to fill between 
quartz resonators and LC tuned circuits. I have 
found the Q of some 455kHz ceramic resonators 
tobeas high as 3000. Some motional parameters 
and Q of a few ceramic resonators that I have 
measured are shown in Table 1. Incidentally, 
using one of the very high-Q 455kHz units ina 
Bridged-T circuit some 15 years ago I achieved 
the best tuneable passive notch filter that I have 
ever seen. It has a tuning range of 5kHz centred 
around 455kHz. The notch is less than 350Hz 
wide at the -6dB points and over 60dB deep. 
This, of course, required careful selection of the 
ceramic resonator. Similarly, for optimum re- 
sults with the narrower ladder filters, the resona- 
tors must be carefully selected. You get out only 
what you put in! 

“With careful measurement and selection, ex- 
cellent results can be achieved. Variable band- 
width designs in the USB configuration can be 
easily produced and are more versatile than with 
quartz, since wider bandwidths can be accommo- 
dated. Filters covering 500Hz to 6kHz are quite 
easy to constructusing switched fixed capacitors. 
This could be done with varicap tuning diodes or 
air-spaced variable capacitors, but the lower Q of 
the varicaps compromises the narrow bandwidths 
and the tracking problem degrades the perform- 
ance, whichever type of variable capacitoris used, 
though the performance may still be acceptable for 
somerequirements. 

“T feel that the computer-designed symmetri- 
cal filter by G3JIR (7T, June 1999) departs 
from the KISS principle and appears extremely 
sensitive to circuit values. Even if symmetrical 
atroom temperature, I wonder what it would be 
like 10 or 20° higher or lower? 

“T cannot understand the desire of some peo- 
ple for perfect symmetry. Ihave measured many 
commercial mechanical and crystal-lattice filter 
responses and have yet to find one that is per- 
fectly symmetrical. Production tolerances in the 
component values appear to cause some loss of 
symmetry and I imagine this varies also with 
temperature. There are several techniques for 
improving symmetry of crystal filters that are 
much less complex than some computer-design 
programs. The easiest is to make the bandwidth 
a smaller proportion of the frequency interval 
between the series and parallel resonance points. 
This requires the centre frequency to be raised for 
a given bandwidth and may not be convenient in 
practice. 
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“The next approach is to increase the number 
of resonators. The slope is increased and the 
asymmetry is masked to a greater extent than 
with fewer resonators. I have design tables for 
1dB ripple Chebyshev filters produced using my 
own correction technique back in 1977/78 and 
these extend to 16-pole filters. Filters with 14 
and 16 crystals show responses down to 100dB 
that are for all intents and purposes symmetri- 
cal. 

“Tf neither of these approaches is feasible, then 
circuit modifications may be required to achieve 
better symmetry. There are anumber of ways to 
do this: 

@ Use a design that has twice as many 
crystals as the number required to give the 
desired stopband and add compensating inductors 
across half of them to produce nulls on the low- 
frequency side of the filter in order to balance the 
effect of the nulls on the high side caused by the 
static capacitance of the crystals without parallel 
inductors. 

@ Use 4-pole hybrid ladder designs with 
half lattice end sections which overcompensate 
for the effect of the static capacitance of the first 
and last crystals, thereby creating two nulls on 
the high side and two on the low (Fig 2). If better 
selectivity is required, this basic filtering block 
can be used at two or more points in the [F chain. 

@ Use a conventional bandpass design 
with inductor compensation for the static capaci- 
tance of every single crystal, and coupling pro- 
vided by parallel tuned circuits: see Fig 3. This 
method was inspired by Zobel, who was the first 
to realise the value of compensating the static 
capacitance of quartz crystals, but also recog- 
nised the weakness of this approach in that, away 
from the passband, the configuration degener- 
ates into a poor Cauer low pass filter with little 
stopband rejection. He solved this problem by 
using another parallel tuned circuit at the load. 
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Fig 4: G3IPV's latest single-frequency crystal filter. 
With two similar-frequency crystals itis suitable for 
CW, but when coils are used it provides additional 
pre-mixer selectivity for SSB or AM. 


The ultimate attenuation is then determined by 
the ratio of the two inductors...” 

I have had to abridge G3UUR’s very long 
letter and omit a number of his diagrams, al- 
though hopefully providing enough of his infor- 
mation to arouse further interest in crystal and 
ceramic filters. G3UUR has a lot more informa- 
tion on filters that he has never published. He 
writes: “Asan academic material scientist, one of 
my jobs is to publish my research for the benefit 
of mankind, but I do the amateur radio work for 
my own amusement and not publishing it is 
hardly going to do any lasting damage to the 
development of mankind! Incidentally, during 
my wanderings around the globe doing X-ray 
crystallography experiments on large synchro- 
trons, [have used a number of times the facili- 
ties at Brookhaven National Laboratory (BNL) 
on Long Island, built on the site of the former 
army camp (Camp Upton) where John Reinartz 
did his basic army training in 1917. 

“A radio club was set up at BNL in 1947 and 
was very active until the mid 60s. Then interest 
waned and nothing much changed in the shack 
until 1992. I discovered the shack in 1986 or 
1987 and it was like walking into atime warp. It 
brought back happy memories of my youth, 
spending happy hours in that old radio shack 
‘playing’ with the old gear until there was a 
resurgence of activity and new members decided 
it was time tore-equip. The old gear was still there 
at Easter 1992, but when I returned that Septem- 
ber it had all gone and the only reminder was a 
pile of OSTs that went back to 1947.” 

There is just space to mention the continu- 
ing work of PW Haylett, G3PIV, on signal 
frequency crystal filters for use in front of a 
receiver to provide very high degrees of pre- 
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Fig 3: Symmetrical bandpass crystal filter centred on 42.5MHz, with 5kHz bandwidth and >80dB stopband 
performance. The 6/60dB shape factor is approximately 4. X1-X4 42.5MHz overtone crystals. All adjustable 
inductors were from Toko 3uH inductors wound on iron dust cores. 
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mixer selectivity. His previous contributions 
on this topic include 7T July 1985, February 
1986 (see also Technical Topics Scrapbook 
1985-89). 

He writes: “The filter shown in Fig 4 com- 
prises two sections: Cl, X1, and C5, X2, cou- 
pled by three trimmer capacitors normally set 
near minimum values. The unitis builtin a metal 
box (8 x 6 x 3in deep), with two front panel 
controls (C1, C5). The output is fed directly to 
the gate of an FET R-C coupled broadband 
amplifier and then to the receiver mixer. Crystals 
may be replaced by inductors (L1, L2), where 
extreme pre-mixer selectivity is not required. All 
components are preferably mounted on stand- 
off insulators. Cl and C5 150pF vane type 
trimmers. C2, C3, C4 vane-type 0.5 - SOpF. 
Intended primarily for CW reception, the band- 
width is roughly 1kHz on 3.5MHz, 5kHz on 


7MHz and 9kHz on 14MHz. X1, X2 quartz ; 


crystals (30pF parallel resonance).” 


NEW LIFE FOR THE FT-200/250 
THE AUGUST 77 item on restoring the FT-101 
by fitting 6146 valves in place of the rarer (and 
less effective) original 6JS6A or 6JS6C power 
amplifier “sweep tube’ valves attracted consid- 
erable interest. But it also drew attention to an 
earlier Radio-ZS article by Roger Davis, ZS 1J/ 
ZS5L, on a similar modification to the once- 
popular Yaesu FT-200/250 which was also 
marketed as the Sommerkamp FT-250 and as 
the Henry Tempo One. 

This has had the unintended result that ZS 1J 
has been inundated with letters seeking copies of 
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Fig 5: Circuit and wiring diagram of the FT200/250 
power amplifier modified to use two 6146B valves. 
Note that the heaters must be wired in series. 


274 


BLOCKING NON-LOCKED PLL 
SIGNALS 

DAVE PORTER, G40 YX/G3 WOEF, spot- 
ted an ingenious way of preventing non- 
locked PLL signals from appearing at the 
antenna terminals of some VHF/FM broad- 
cast transmitters at switch-on. A 555 timer 
is connected in the emitter circuit of a low- 


power stage of the 20W amplifier board: 
Fig 6 shows how an initial 5-6 seconds 
delay is obtained, to avoid accidental out- 
of-band emissions in the initial PLL lock- 


ing period. 


Fig 6: G40 YX draws attention to the use of a 555 
timer IC to prevent out-of-band emission from a 
VHF broadcast transmitter during the initial lock- 
up period of the PLL frequency synthesizer. 


the original 1995 article. He writes: “I am 
sending the FT-200 modification for publica- 
tion, as the cost of sending photocopies to the 
many amateurs worldwide who have written 
to me is rather prohibitive.” [I know the prob- 
lem all too well! - G3VA] 

The FT-200/250 was a low-cost SSB/CW 
transceiver marketed in the early 1970s as a 
basically valve design (but solid state VFO 
covering 5 to 5.5MHz). With a 9MHz crystal 
filter (shape factor 1.62), it covers the pre- 
WARC bands in S500kHz segments (often only 
one of the four 283MHz segments was fitted). The 
transmit chain includes a 7360 beam deflection 
valve. The FT-250 (£160) incorporated an AC 
PSU, whereas the FT-200 (£132) required a 
separate power unit (AC £35, DC 12V £40). It 
is not surprising that these low cost models 
became very popular in the 1970s, although 
often now unused owing to the problem of 
replacing the 6JS6A or 6JS6C valves. Many are 
still around and can be successfully revamped to 
provide a still effective HF SSB/CW rig for the 
3.5/7/14/21 and 28MHz bands. 

Toreplace the 6JS6C output valves with a pair 
of 6146B valves, ZS 1J recommends the follow- 
ing: Remove the 6JS6C valves and disconnectall 
wires from the two | 2-pin bases, taking care not 
to damage any of the decoupling capacitors 
which are then used on the new bases. Remove 
the two bases and using the same screws, fit two 
octal valve bases as shown in Fig 5(b), making 
sure that the spigots are pointing as shown. Cut 
short the orange wire used to supply the screen 
grid (grid 2) voltage, as this is no longer 
required. 

Rewire the octal bases as shown in the dia- 
gram. It may be easier to wire the pins 1, 4 and 
5 together before installing the bases. Make sure 
that each of these pins (cathode and suppressor 
grid) are decoupled to chassis with an 0.01uF 
ceramic capacitor (otherwise output power will 
be low on 28MHz). Similarly, the screen grids 
(pins 2) on each valve must be decoupled, as well 
as the heater pins. 

The new 250V g2 voltage can be obtained by 


a) Further 


amp stages 
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wiring either a 100V 5W Zener diode oran OB2 
voltage regulator tube in series with the 350V 
line which can be taken from the ‘cold’ end ofthe 
RF choke feeding the 12BY7A anode tuned 
circuits. To modify the neutralising circuit to 
cope with the lower inter-electrode capacitance 
of the 6146B valves, connect anadditional 200pF 
capacitorrated at 1k V across the 200pF capacitor 
marked C40 on the original FT-200 circuit dia- 
gram. Ifthis is not available, C40 1s the capacitor 
connected to the cold end of the 12B Y7A anode 
tuned circuits”. ra 

ZS 1J continues: “In the 1970s, I diagnosed an 
inherent fault affecting all FT-200, FT-101 and 
FT-400/500 equipments: the 100pF coupling 
capacitor from the anode of the 12B Y7A driver 
valve to the grids of the power amplifier becomes 
‘leaky’ or short-circuited, resulting in up to 
350V on the grids of the PA. Unfortunately, this 
normally occurs while switched to the ‘receive’ 
mode, with the meter reading *S’ units rather than 
PA current. As a result, the leaky capacitor 
immediately destroys the output valves, and in 
some cases the anode choke and power trans- 
former. Ifon your unit, this has not yet happened 
- beware, it will! It is vital that this capacitor is 
changed to one with a voltage rating of at least 
1kV DC-ifasuitable capacitor is not available, 
fit a LOOOpF 1kV capacitor in series with the 
original 100pF capacitor as a DC blocking safety 
measure. 

“The final modification is to the Yaesu power 
supply. Open it up to expose the printed circuit 
board carrying the silicon HT rectifier diodes. 
Remove the four diodes with their parallel resis- 
tors and you will then find that the board is 
marked and drilled to take eight diodes and their 
resistors. Fit eight 1N4007 diodes with eight 
470k resistors and then move the tap on the 
transformer from the 460V position to the 600V 
tap; this should increase the HT to 850V. As 
always, treat such high voltages with caution! 

“When ready to test and align the modified set, 
switch iton to SSB, meter switch to IP, mic gain 
control to zero. Then, as soonas the setis warmed 
up, key the microphone and quickly set the anode 
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idle current to SOmA using the bias control on 
the rear panel. Align the transceiver and neutral- 
ise the final amplifier stage as detailed in the 
original handbook. RF output should exceed 
100W on all bands if modified and aligned 
correctly. 

“Should you wish to carry out the modifica- 
tion but have available only the older 6146 
valves, you will find that the hole size in the main 
upper chassis is too small for the valve to pass 
through. To make them fit, take a file and care- 
fully remove the excess phenol from around the 
base of the valves until they just pass through the 
hole. The 6146 will give an identical RF output 
in this equipment to the higher rated 6146B. 

“In use, the modified FT-200 runs much 
cooler than with the original TV-sweep valves, 
which were never intended for HF operation. 

“Since writing the original article for Radio- 
ZS in 1995, Ihave modified many FT-200s and 
have heard of many others undertaking this task 
- all with entirely satisfactory results. These 
modifications will provide a new lease of life 
for equipment which can still hold its own 
against many modern solid state HF transceiv- 


” 


ers. 


LAP-TOP FUEL-CELLS? 

FUEL CELLS SEEM suddenly to have become 
the topic of the year for many of the professional 
scientific and electronic journals, rather as they 
did in the 1950s following the emergence of the 
Bacon fuel cell, though that never seems to have 
fulfilled its early promise. TT (March and Au- 
gust 1999) has reported on a number of articles 
inJEEE Spectrum covering the prospects of fuel 
cells for electric vehicles (EV) and for portable 
and static generators ranging from some 30 watts 
to 250kW. Another set of three articles on fuel 
cells has appeared in the prestigious Scientific 
America (July 1999); two along much the same 
lines as the earlier JEEE Spectrum: ‘The 
Electrochemical Engine for Vehicles’ by A John 
Appleby, sub-headed ‘Fuel cells can power 
cleaner buses and cars, but key engineering and 
economic obstacles will delay widespread adop- 
tion of the technology’, and ‘The Power Plantin 
Your Basement’ by Alan C Lloyd (“In the past, 
stationary fuel cells were megawatt behemoths, 
designed for the electric utilities. Now they are 
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Abt 16,000 


being shrunk for homes and other modest appli- 
cations”. But the third article breaks new ground 
and is of interest to those using hand-held trans- 
ceivers, etc. ‘Replacing the Battery in Portable 
Electronics’ by Christopher K Dyer of Motorola 
(“Batteries are cumbersome and expensive. 
Miniature fuel cells could supplant them in 
cellular phones, laptop computers, camcorders 
and other consumer products”), introduced as 
follows: 

“Despite major advances in portable electron- 
ics, the battery has changed little. Even so, small 
batteries remain the only choice for consumer 
products that need up to about 20 watts of power, 
for everything from toys to laptop computers. 
But batteries can be heavy and expensive, and 
they can expire without warning, requiring either 
replacements (presenting a disposal problem) or 
recharging (taking hours of precious time). Is 
there no better alternative? ...the answer may lie 
with fuel cells ... Theoretically the technology 
has the same consumer-friendliness as batteries: 
quiet and clean conversion of a material’ s chemi- 
calenergy into electricity. But the real advantage 
lies in their amazing ability to liberate electrical 
energy from the hydrogen atom. A fuel cell 
running on methanol could provide power forup 
to 20 times longer than traditional nickel-cad- 
mium batteries in a comparably sized package, 
but at a lower price and fora small fraction of the 
weight . . . fuel cells do not require lengthy 
recharging; they can instead be replenished 
quickly, simply by adding more fuel... Recent 
attempts to miniaturise fuel cells could lead to 
substantial improvements, possibly cellular 
phones that can run continuously for months on 
standby power and laptop computers that allow 
more than 100 hours of operation froma single, 
compact device. But, as fuel cells shrink, various 
engineering problems become increasingly acute. 
Indeed, miniaturisation requires a tricky balance 
of several factors, including power, size, con- 
venience and cost.” 

It is noted that hydrogen-based fuels do not 
develop much more than one volt per cell, com- 
pared with the 3 volts or so of lithium batteries, 
but that because of their lower weight and vol- 
ume fuel cells nonetheless contain substantially 
more electric energy inasimilarpackage. Both 
fuel cells and batteries extract electricity from 


Table 2: Stored electro- 
chemical energy of fuel cells 
and rechargeable batteries in 
watt-hours. Notes: Values are 
theoretical (thermodynamic 
maximum) except for metal 
hydride and _ graphite 
nanofibres which are for the 
extractable hydrogen. For 
hydrogen and hydrocarbon 
fuels, complete oxidation is 
assumed. Graphite nanofibres 
is a recent development 
currently being investigated, 
a density of two grams per cc 
80 is assumed. For batteries, 
values are actual available 
electrochemical energies. 
(Source: Scientific American, 
July 1999) 
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Water 


Fig7: Thin film design opens the way to miniature fuel 
cell in which power is generated by drawing both 
hydrogen and oxygen from the same gas mixture, as 
opposedto traditional designs which require separate 
supplies. This experimental design comprises a 
stack of six miniature fuel cells, providing a total of 
aboutsix volts output. Each cell contains an extremely 
thin (less than one micron) membrane, forming the 
electrolyte that separates the cathode and anode. At 
the anode of each cell hydrogen loses its electrons 
andtravels throughthe membranetowards the cathode. 
Oxygen also diffuses through the thin electrolyte, 
while the freed electrons pass through the external 
load circuit. At the cathode, the hydrogen ions, 
electrons and oxygen combineto form water. (Source: 
Scientific American, July 1999) 


chemicals at high efficiency, but the fuel cells 
have a natural advantage in using energy-rich 
fuels containing hydrogen. “For a given 
weight, the pure liquid form of hydrogen 
contains about 800 times the electrochemical 
energy of nickel-cadmium: See Table 2.” 

Unfortunately, liquid hydrogen has to be kept 
at a temperature below about -250°C, making it 
clearly unsuitable for consumer products. How- 
ever, compounds containing hydrogen can pro- 
vide an impressive performance. Theoretically, 
one litre of methanol could supply about 5000 
watt-hours, enough to run a laptop computer 
continuously for more than a week. A compara- 
ble volume of lithium-ion, the most energy- 
dense rechargeable battery, has less than a tenth 
of that energy. The oxygen required for the fuel 
cell can usually be taken from the surrounding 
air. 

A miniaturised fuel cell could be replenished 
quickly, possibly by inserting anew ampoule of 
methanol or by replacing a cartridge of solid 
hydride. With the reduction in costs “fuel cells 
may one day replace batteries for many con- 
sumer applications .. . the price tag of any fuel 
cell must also include its manufacturing cost, and 
therein lies the difficulty. Indeed, designing a 
miniature fuel cell that can be mass-produced 
cheaply has been a formidable task. The engi- 
neering challenges are enormous, requiring no 
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small amount of innovation, although, basically, 
a fuel cell is a very simple device. All that is 
needed is hydrogen fuel, asupply of oxygen, two 
catalytic electrodes and an electrolyte. From 
here, though, complexity creeps in. 

“Various miniature fuel-cells are still in the 
very earliest stages of development, eg Fig 7. 
Although initial prototypes have been built, no 
one has yet definitively demonstrated acompact 
device that could be mass produced at a cost 
significantly lower than that of comparable re- 
chargeable batteries ... The commercialisation 
of small fuel cells would accelerate tremen- 
dously if scientists could find a better source of 
hydrogen. Methanolis rich in energy, but its use 
is complicated by engineering problems, and 
metal hydrides provide merely an adequate, if 
unspectacular, storage medium. 

“Recently, Terry Baker of Northewestern 
University announced a form of carbon called 
graphite nanofibres that boasts almost unbeliev- 
able capacity, one gram reportedly able to deliver 
10 litres of hydrogen. Such incredible energy 
density (equivalent to about 16,000 watt-hours 
per kilogram) would make other materials pale 
in comparison. In theory, just half a litre could 
power a 20 watt laptop computer continuously 
for more than a month!” 


PENTODES AS DOUBLE- 
DIODE-TRIODES 

THE SEPTEMBER 77 item on German techni- 
cal developments in the 1930/40 era appears to 
have interested a number of readers. But first I 
must admit to an error in captioning the illustra- 
tion of the transmitter-receiver as German Army 
field equipment. Richard Walker, G4PRL, spot- 
ted the error and identifies it as German Naval 
equipment, as indeed was the impressive Koeln 
E52 receiver. 

RB Kerr, GM4FDT, noted the German mili- 
tary use of the RV12P2000 pentode valve in all 
stages of many receivers suchas the widely used 
FuG10 aircraft equipment, etc. Its use as a 
double-diode-triode, for example, greatly sim- 
plified the manufacture of valves and the provi- 
sion of spares. He writes: “I can confirm that a 
pentode works well in this application, provided 
the triode is always conducting, ie the valve is 
used in the small-signal class A mode. 

“T first saw the idea ina 1933 Wireless World, 
wherein a screen-grid tetrode valve provided one 
diode and one triode: 
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Fig 9: How the EF91/6AM6 pentode valve can be used as a plug-in replacement for the EBC90/6AT6 double- 
diode-triode. Both valves use B7G bases. Other pentode valves can be used as double-diode-triodes, 
provided they have the suppressor grid brought out to an external pin rather than connected to cathode, 
but will require some changes to the wiring of the socket. 


" old KB HV40 Band 1 405-line TV. This setused 


many EF91 valves and by accident I plugged one 
into the socket intended for a 6AT6 valve. The 
set worked fine for another 12 years! 

“An EF91 can be plugged directly intoa6AT6 
socket without wiring changes: Fig 9. Other 
pentode valves such as the 6K7 and 6SK7 etc 
will also work well, but require some slight re- 
wiring of the valve sockets. I suspect that 1f the 
‘triode’ were made to oscillate using acrystal etc, 
an excellent product detector in which the diodes 
are switched on and off at the crystal frequency 
would result. Then, stopping oscillation by 
shorting-out the crystal, would provide AM 
detection.” 


HERE & THERE 

W G DURHAM, G3DNE, is one of a number 
of amateurs who have suffered considerable loss 
of hearing. He has devised a useful way of 
improving headphone reception, which could be 
of value to readers who wear the National Health 
type hearing aids that have a switch facility for 
use with induction-type systems. He writes: 
“My hearing loss is of the order of 80dB relative 
to normal hearing, and | use an aid for each ear. 
I find using headphones awkward, having to 
leave the aids in place to maintain a certain 


Fig 8. I have success- 
fully replaced the valve 
type 6AT6/EBC90 
with an EF91/6AM6 HE 
in various vintage ra- 
dios. I have an old ra- 
diogram circa 1960 in 
which some 22 years 
ago I replaced a faulty 
6AT6 with an EF91; 
and it still works! I 
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also used an EF91 to 


Fig 8: The use of a screen grid (tetrode) valve as a diode-triode, as foundina 


replace the 6AT6 in an 
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Wireless Worlddesign about 1933-34. 


amount of built-in equalisation. I have therefore 
been carrying out some very simple experiments 
using the induction mode. I now use a simple 
loop hung around my neck consisting of 10 turns 
of insulated stranded wire with a series resistor 
equal to the output impedance of my communi- 
cations receiver. I have been so pleased with the 
result that I now use the same system for listening 
to the sound on my television. For the minimal 
time it takes to set up, I thoroughly recommend 
other amateurs with hearing problems to give it 
atrial. The loop diameter [use is 10 inches, just 
big enough to slip over my head.” 

DAVID BUNDAY, G3JQQ, has been using 
atelecommunications tone coder in conjunc- 
tion with a hand microphone as a convenient 
means of quickly tuning up on SSB (see 77, 
October 1998, p42 for an item on two-tone 
testing with telephone tone pads). However, 
he has found that the level set for telecom lines 
a little on the low side. On his 'Audioline' he 
has found that this can be increased substan- 
tially by shunting R2 with 1000Q. Battery 
drain of around 3.5mA is not affected. He 
suggests examining other models if greater 
output is required. 

FRANK VAN VLOTEN, ZRSCG notes that 
the 'Phantom-coil VXO' described in 77, 
January 1999, pp63-64 appears to use much 
the same system as the Marconi FMQ system 
for the direct frequency-modulation of quartz- 
crystal oscillators for wide-band FM broad- 
casting. FMQ was described by WS Morley 
in Wireless World, October,1951. A model 
developed for the original 1951 BBC VHF/ 
FM transmitter at Wrotham used a susceptance 
modulator to deviate a3.8033MHz crystal +1 
part in 1000. In other words, to swing a 
3.8MHz crystal oscillator over almost 8kHz, 
followed by a string of frequency multipliers. 
The patented Marconi FMQ system became 
widely usedin FM broadcast transmitters. @ 
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FAREWELL PAOKSB, 

SILENT KEY 

THIS IS THE FINAL 7T of the 20th Century 
and inevitably ones thoughts turn to what the 
21st Century may hold for the hobby which has 
occupied so many of our thoughts and brought 
so much interest and pleasure for so much of the 
present century. As someone born in 1922, I 
never really contemplated being ina position to 
be preparing, Deo volente, to greet the New 
Millennium. Still less to be still compiling 
Technical Topics! Indeed, some readers 
may suspect that my ideas and practices 
have not advanced much beyond the 1950s 
when 7T was launched. 

One of the sadnesses of writing a column 
over a long period is that so many of those on 
whose contributions it has depended are no 
longer with us. This has been brought home to 
me recently by the sad news of the death during 
September at the early age of 62 years of Klaus 
Spaargarten, PAOKSB. Regular readers will 
connect himimmediately with the ‘Huff & Puff? 
frequency stabiliser, the original version of 
which was published first in TT, July 1973 and 
soon attracted attention. The name ‘huff and 
puff’ was devised a few months later as aresult 
of acomment from the late Joe Cropper, G3BY 
(TT, October 1973) who likened its action to an 
“old ‘hit and miss’ gas engine governor where 
this lifts one of the valves to reduce speed 
resulting in a series of thump, thump, gasp, 
thump, thump, gasp gasp” sounds. So I felt the 
action of the stabiliser could be compared to 
such a gas engine huffing and puffing. The 
name stuck and although this form of fre- 
quency stabiliser has since appeared in several 
modified versions, it is widely still known 
(even in Holland) as the ‘Huff and Puff’ stabi- 
liser. 


by Pat Hawker, G3VA* 
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Fig 2: G3GKG’s version of the Huff & Puff frequency stabiliser (circuit left of the dotted line) is similarto G3DXZ’s 
(VFO not shown), but note that the 1,)F capacitor has been replaced by two 0.47pF (Mylar film or tantalum) 
and the ‘top end’ of the integrator circuit goes to +15V. The buffer/display circuitry is built on a small PCB 
mounted behind the front panel, with legends as shown in Fig 3. 


PAOKSB was a truly innovative member of 
the hobby. Dick Rollema, PAOSE, points out 
that Klaus wrote over 50 articles for the Dutch 
VERON journal Electron, not to mention his 
contributions to 77 and QEX. He first attracted 
my attention with a short article in Electron 
(January 1967) which I picked up and included 
the circuit diagram in ‘A future for the 
synchrodyne?’ (TT, March 1967). His five- 
transistor 3.5MHz SSB/CW receiver was, to 
the best of my knowledge, the very first pub- 
lished details of a simple solid-state ‘direct- 
conversion’ receiver to appear anywhere in the 
world. A basically similar form of valve receiver 
had been described by James R White, W2WBI, 
(QST, May 1961, pp29- 


Fig 1: FSLVG’s RX-20 simple 7MHzdirect-conversion receiver from the 100th 
issue of Sprat dedicated to designs requiring less than 20 components. The 
antenna trimmer is adjusted for maximum signal. The 1K linear potis adjusted 
to minimise detection of AM signals. L1 and L2 are moulded small chokes glued 
together. L1 22uH, L2 100uH, L3 15t, 8mm diameter, tapped 3t from ground, wound 
onasection of Bic-type ballpoint pen barrel. IC isa TDA2003 driving Walkman 
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33) as a “Balanced De- 
tectorina TRF Receiver 
- a novel tuner for 40- 
and 80-metre CW and 
SSB” using a6SK7 RF 
stage followed by two 
6SB7Y as a balanced 
product detector with a 
6C4 oscillator. But it 
was not until Novem- 
ber 1968 that Wes 
Howard, W7ZOL, and 
Dick Bingham, 
W7WEKR, in QST pub- 
lished full construc- 
tional details of a solid- 
state receiver under the 
title ‘Direct Conversion 
-aneglected technique’ 
often given the credit 
for introducing this 
form ofreceiver in solid- 
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type phones. Oscillator BF960 with 2200 resistor and NPO 220pF capacitor for 


increased stability. 
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state form. The advan- 


tage over the traditional regenerative detector 
receiver is that a balanced ‘product detector’ is 
far more linear and provides superior detection 
of SSB signals. 

Historically, of course, the homodyne or 
synchrodyne or ‘direct conversion’ form of 
receiver dates back to the early years of the 
century, but by the 1960s had virtually disap- 
peared from the amateur scene. Itis perhaps not 
too much of an exaggeration to suggest that 
PAOKSB’s simple transistorised direct con- 
version receiver restored to amateur radio the 
possibility of a low-cost home-constructed re- 
ceiver capable of reasonably good SSB and CW 
performance when built by relatively inexperi- 
enced enthusiasts. In a sense it proved even 
more of alandmark development than the Huff 
and Puff stabiliser. Many versions have ap- 
peared over the years, and although the NE602 
IC device etc later brought an era of simple-to- 
build superhet designs, the simple direct con- 
version receiver lives on: Fig 1 is the circuit of 
the RX-20 receiver described by Oliver Ernst, 
F5LVG, as acontribution to the recent special 
100th issue of Sprat, devoted to items re- 
quiring less than 20 components. Offered 
as a fun receiver rather than achieving the 
high performance that can be possible, with 
care, with DC receivers. 

To make one pioneering landmark contribu- 
tion to amateur radio is worthy of high praise. 
To make two is beyond praise. Klaus’s contri- 
butions must be rated very high indeed! RIP, 
and our sympathies to his wife, son and daugh- 
fer : 

The Huff & Puff stabiliser, despite the wide- 
spread use of low-cost fully fledged frequency 


*37 Dovercourt Road, London SE22 8SS. 
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Fig 3: Panel display for G3GKG’s Huff & Puff 
stabiliser. 


synthesizers, seems bound to continue in use 
well into the next century, particularly with 
older valve equipment. One of those who has 
successfully implemented the scheme in order 
to stabilise an existing valve/solid-state hybrid 
SSB exciter is Brian Horsfall, G3GKG. He is 
using the system to control an EF91 electron- 
coupled Hartley type VFO which, as always 
recommended with this technique, was al- 
ready pretty stable, but which now, once set, 
stays literally within a Hz or two over periods 
of up to four hours. 

His circuit (Fig 2) combines the simple charge 
pump integrator developed by Charles Fletcher, 
G3DXZ (TT, September, 1996) with an op- 
amp integrator buffer which, apart from feeding 
the varactor diode, also drives a couple of 
transistors with LEDs to indicate the voltage 
level. G3GKG writes: “Dividing the integrator 
capacitance between two half-value capacitors 
ensures that the output now settles in approxi- 
mately the middle of the 15-voltrange at switch- 
on. Itcan actually go down to near zero, but the 
display guards against letting the control 
voltage drop below 5 volts, giving a nargin 
which presents the single varactor diode 
being driven into conduction by the RF in the 
tuned circuit. 

“My VEO tunes 3900 to 4460kHz so, 
rather than adjust the number of divider stages 
as suggested, I opted to reduce the clock fre- 
quency in the ‘H&P’ circuit to 13.9MHz, using 
asurplus crystal already to hand. This maintains 
the approximate 10Hz steps between lock-up 
points and provides increments of the same size 
for fine tuning - auseful adjunct which has gone 
missing in the later ‘H&P’ designs but which 
I have revived (I have incorporated 
G3DXZ’s mathematics into a spreadsheet 
file which allows for easy manipulation of 
the various factors). 

“The usable control voltage range provides 
fora total deviation of+relative to the frequency 
set by the main VFO tuning knob. By holding 
or ‘flicking’ the centre-off, biased-to-centre 
switch (Fig 3) in the required direction it can 
then be adjusted to within 5Hz of the nominal 
‘net’ frequency - enough to satisfy even the 
extremely frequency-conscious people I work. 
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The balance of brightness between the two 
LEDs varies smoothly throughout most of the 
control range, indicating the voltage at the out- 
put and also the required direction of movement 
of the switch. Near the upper and lower ex- 
tremes, the appropriate LED is at full brightness 
with the other one extinguishing completely 
within about half a volt of the integrator output 
‘hitting the rails’. In practice, the two LEDs 
remain at virtually equal brightness as long as 
the rig is switched on. Magic!” 


HF RADIO - BRIGHT FUTURE 
OR LOST GLORY? 
AN OP-ED FEATURE by Randy Pirtle, 
N6GN, in OST (September 1999, p91) raised 
the topical issue of whether there is “A future for 
HF radio”. He asks: “In these days of Internet, 
cell phones, pagers and all the rest, how can 
there be a future for ham radio . . . particularly 
on the HF bands, where undulating F layers, 
static crashes and solar storms make for incon- 
sistent communication?” 

His conclusion is that: “Long after the Irid- 


“ium satellite network has brought hand-held 


cell phones to everyone from the Amazon basin 
to the polar ice caps, there will still be hams on 
the HF bands. Technology will undoubtedly 
improve, but the vagaries of HF communica- 


DKOWCY aurora beacon (DARC) Kiel, Germany sd 
24-hour continuous service, 30W CW (about 16WPM). Geophysical information 


10144kHz 
every 5 minutes. 
3579kHz 


Info format 


well received in the UK. 


WWV, WWVH Geophysical Alerts from the Standard Frequency and Time Stations (NIST) 


Continuous 24-hour transmissions on 2.5MHz (2.5kW); 5, 10 and 15MHz (all 
10kW); and 20MHz (2.5kW). Geophysical information at 18 minutes after each 
hour (less than 45s long). Male voice with Amplitude Modulation. Updated every 
three hours. First part gives solar flux as measured at 1700UTC at Ottawa, Canada. 
The estimated A-index for Boulder and current Boulder K index. Second part 
gives solar activity and geomagnetic field for the last 24 hours. Third part gives 
optional information on current conditions (major flares, polar cap absorption, 


WwWwv Fort Collins, Boulder, Colorado, USA 
etc). Final part is a forecast for next 24 hours. 
WWVH Kauai, Hawaii, USA 


Both stations make voice identification at intervals of one minute (WWV 15s, WWVH 7.5s before 


the minute). Signals relatively poor in UK. 


NIST 


Table 1: Geophysical Alerts DARC and NIST 


0700-0800UTC and 1500-1800UTC (both -1 hour during European summer 
time). 30W CW. Similar information package to the 10MHz transmissions. 
Kiel K measurement at end of last 3-hour period (updated every three hours). 
Forecasts of the day’s solar activity and state of geomagnetic field. 

Relative sunspot number R. Solar flux at 10cm, measured at Penticton, Canada. 
Boulder A index, measured at Boulder, Colorado. 

Kiel A index, measured at DKOWCY, Kiel. All sections are dated. 

For explanations see TT March 1998, p59 and October 1997, pp80-81 (includes 
sample transmission). The long dash during each cycle is changed to dots during 
Aurora warnings. DKOWCY transmissions on either 3.5 or 10OMHz are usually 


Continuoous 2.5MHz (2.5kW); 5, 10 and 1SMHz (10kW). No 20MHz transmis- 
sions. Geophysical information at 45 minutes after each hour. Female voice, 
Amplitude Modulation. Format and information as for WWYV. 


National Institute of Standards and Technology. 

Detailed information in NIST Special Publication 432 (Revised 1990) from 
Superintendent of Documents, Government Printing Information Service, 
Springfield, VA22161, USA (32pp large format). 
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tions will remain a welcome challenge. What 
makes DXing on the short-waves fun is, para- 
doxically, the very inconsistency that many call 
its downfall. The sunspot cycle, solar spikes, 
the solar wind, temperature and weather all 
make hamming an enduring challenge. Let’s 
stop worrying about the future of HF com- 
munication. I, for one, plan to enjoy that 
crackling music until my last breath.” 

I believe that many, although not all, would 
agree that it is the constant challenge of ever 
changing ‘conditions’ that makes HF an endur- 
ing enigma, constantly bringing surprises both 
pleasant and otherwise. If it is consistent and 
reliable world-wide communication of infor- 
mation to a specific DX destination that you 
are seeking, then clearly HF leaves a lot to be 
desired and is probably not for you. Satellites 
and Internet are the routes you need. But for 
anyone who enjoys the unexpected and the 
sheer fun of experimenting and operating and, 
yes, collecting QSL cards, there can be few 
media that beat the amateur HF bands - or for 
that matter anomalous propagation on VHF, 
UHF, or achieving good results on LF with 
under one watt effective radiated power. 

Consider the present sunspot cycle. As I 
write these notes in early October, there seems 
to be a distinct and unexpected falling short in 
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the anticipated autumn solar flux values over the 
past few weeks. Thanks to the German beacon 
station DLOWCY, my-daily records show that 
whereas June saw the flux peaking above 200 
during June 25-27 and 30; and then between 
July 29 - August 3 and again August 24 - 29; 
September saw nothing above 160 after the first 
day, with the mid-September peak under 160, 
and not until mid October did the solar frux 
briefly reach 200. This was accompanied by an 
unusually large number of days of geomagnetic 
disturbances (including a Kiel K rating of 7 on 
September 27). Does this indicate that Cycle 23 
reached its maximum around July/August, or 
more probably does it mean that Cycle 23, like 
the earlier Cycle 21, will prove to have two 
distinct peaks with the second one the greater 
and then decaying very slowly. Or will this all 
have been proved wrong even before these 
comments reach you? Surely, the beauty of itis 
that after so many years of ionospheric studies, 
nobody can say for sure what will happen over 
the next year or two. It is that sense of uncer- 
tainty even among the experts that makes ama- 
teur radio so interesting - not as a sure-fire 
means of communication but with a giant iono- 
spheric puzzle in the sky! 

One of the interesting features of the 
DLOWCY beacon transmissions (see 77, March 
1998, p59) is that they provide the daily Ap 
ratings for both Kiel, Germany, and Boulder, 
Colorado. When | first began copying this 
beacon in 1998, I was puzzled at the very clear 
difference between the values recorded at each 
observatory, with the Kiel figure often consid- 
erably higher than Boulder. Puzzled, I eventu- 
ally had a good look at my Atlas, and then the 
penny dropped. Kielis ata significantly higher 
latitude than Boulder, and thus much closer to 
the Polar Cap Absorption zone. But, since the 
latitude of Kiel corresponds more closely with 
that of Southern England, while that of Boulder 
with Madrid, I now have no doubt that the Kiel 
Ap and K ratings are more applicable to UK 
amateurs (particularly those seeking North 
American contacts) than the widely-used Boul- 
der values. And with DLOWCY transmitting 
good signals to the UK through daylight hours 
with information every five minutes, com- 
pared to Boulder alerts at one hour intervals 
and often not receivable in the UK off-air, 
my choice remains firmly with Kiel! 

Brian Bower, G3COJ, has kindly pro- 
vided acopy of NIST Special Publication 432 
(Revised 1990) from which brief details of 
the WWV, WWVH geophysical service given 
in Table 1 have been drawn. The 32-page 
NIST Time and Frequency Services by Roger 
E Beehler and Michael A Lombard is avail- 
able from: Superintendent of Documents, 
Government Printing Office, Washington DC 
20402, USA. It covers much more than the 
Geophysical Alerts. 

‘An Introduction to Solar Indices’ by Gwyn 
Williams, G4FKH, appeared in RadCom, 
September 1999, pp44-45. This emphasised 
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Fig 4: Chartrelating solar flux units and geomagnetic 
activity to likely band conditions, as originally devised 
by G3ENI. See text for explanatory notes. 


that for the best chance of HF DX, look for 
high levels of SFU (say, 150+) and low levels 
of K (say, 0-2) staying around these levels for 
some days. It also seems worthwhile repro- 
ducing Fig4 which last appeared in TT in 
October 1997 and was devised some years 
ago by John Pegler, G3ENI. In the diagram, 
the intersection of the flux and geomagnetic 
activity values determines likely band condi- 
tions. Zone A, above normal, 50MHz prob- 
ably open for some hours; 21, 24 and 283MHz 
may be open for up to 24 hours. Zone B, 
above normal, 21, 24 and 28MHz may be 
open for up to 24 hours. Zone C, bands up to 
28MHz open for part of day. Zone D, normal 
conditions. Zone E, below normal, unsettled. 
Zone F, below normal, disturbed. Zone G, 
disturbed, sub-storm level, auroras may form. 
Zone H, storm level, auroras may form. This 
chart has proved reasonably reliable over 
a number of years, but remember that a 
sudden solar flare, etc may change condi- 
tions markedly. 


TWIN-TEE OSCILLATOR FOR 
RTTY/PACKET, ETC 

RON GOULDSTONE, G3TAG, writes: “TI 
wonder why so many people insist on using 
the 555 timer chip in their RTTY/PACKET 
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Fig 5: G3TAG recommends replacing 555-type 
oscillators in RTTY/PACKET etc terminals with this 
Twin-T oscillator, which provides a much cleaner 
sine-wave output. 


terminals? These ICs are ideal for use in 
timers etc in purely digital equipment, but not 
when you want to end up with a clean sine 
wave. Their output is an asymmetrical square 
wave that is virtually impossible to clean up 
with the usual two-section R-C filter shown 
in most published circuits. The second har- 
monic of the 1275Hz and 1445Hz tones will 
almost certainly fall within the passband of 
the filters of most transceivers, resulting in 
‘false’ signals being transmitted higher up the 
band. Admittedly, many people now use sound 
card-generated AFSK and this can, provided 
the transmitter is not over-driven, give per- 
fect results. However, for those who are still 
using Versaterm-type units, myself included, 
I would like to suggest a simple modification. 
Replace the 555 circuit with a Twin-T oscil- 
lator, as shown in Fig 5. This gives a slightly 
clipped sine wave and is very easy to filter. It 
is no more complex than the dreaded 555 
circuit, using only about three more passive 
components. Take my advice, modify your 
unit now and win back all those friends on the 
air you thought you had lost.” 


MATTERS ARISING 

SEVERAL USEFUL COMMENTS have 
been received on items in the October 7T. 
Denzil Roden, G3KXF, writes: “The An- 
tenna Current Monitoring device (October 
Fig 4, p62) caught my eye, as I have just 
retrieved one from my loft junk-box and am 
checking it prior to presenting it to a local 
amateur and note that this type of device 
seems to have disappeared from the amateur 
handbooks. But there is a discrepancy in Fig 
4. The circuit diagram Fig 4(a) is correct but 
in the pictorial view, Fig 4(b), the connection 
from the meter minus lead to the earth-tag 
should be disconnected. The earth connection 
combined with the capacitance between the 
toroid and the co-ax inner introduces a volt- 
age parameter. For genuine current measure- 
ment, the device needs to be isolated from 
earth and its stray capacitance to earth kept at 
minimum. My device uses two thumb- 
screw terminals, as current measurments/ 
indications are more valuable in antenna 
wires and earth leads.” 

Roy Mander, GW4DYY, noted the item on 
‘Charging batteries from Solar Cells’ includ- 
ing the KISS system used by K5CN (Fig 3, 
p62) and writes: “My solar panel about 3ft 
long and 2ft wide produces just over 4A at 
12V in very strong sunlight. I use it to power 
the caravan and to charge batteries as needed. 
Originally there was no form of regulation 
and I found that at times the batteries were 
getting quite a hammering. The published 
regulators seemed too complicated and I too 
looked for a KISS solution. Having a Tri- 
umph motorcycle, 1960 vintage, with an al- 
ternator and rectifier, I knew that the voltage 
was regulated by a high-current Lucas Zener 
diode which effectively is strapped across the 
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battery when the ignition is on. This Zener 
commences to conduct at 14V and progres- 
sively passes more current until at about 15 V 
itis passing about 5A, bypassing the battery 
and effectively limiting the charge to the 
battery. [have used this method of regulation 
for a few years with total success. The bike in 
fact has had a dryfit battery for the last four 
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Fig 6: Circuit diagram of the German agent-radio (Afu) 
transmitter shown in the accompanying photograph 
and designed to be carried ina leather case slung over 
the shoulder, with the batteries in another. Antenna 
coupling coil taps allowed arough match for different 
antenna lengths, the pilot bulb indicator lamp showing 
when tuned. Frequency range was 4 to 8.6MHz. 


years and is still going strong, so the Zener 
does do its work. The only problem is that 
these diodes cost about £30 (including VAT 
and postage) and require a good heat sink, but 
totally outweigh the problems when you get 
into sophisticated circuitry. I also used the 
same Zener diode to protect my radios from 
overvoltage, having fitted one to a heat sink 
ina box between the power supply and the set, 
with a fuse between the Zener and the power 
supply. In this case only a small heatsink is 
required.” 

In respect of the hints on using portable 
power generators, GW4DY Y wonders what 
is the ‘petrol stabiliser’ that NTOZ recom- 
mends. He suggested that after use of a PPG, 
a small amount should be added to keep the 
fuel from oxidising and gumming-up the 
carburettor. Is this something available only 
in the USA, or is it known here under some 
other, possibly proprietary, name? 

Dr Dick Biddulph (formerly G8DPS but 
now with the brand new call MOCGN) adds 
to the “Twelve Commandments’ of PPG op- 
eration a thirteenth: “There is another rule 
whichis regretful but necessary, viz: if using 
more than one generator, and one stops, 
investigate at once. A member of the 
Wimbledon Club waited a few minutes, 
then found the generator had gone walka- 
bout! The insurance company was not 
best pleased!” 

On the October topic of ‘RF Voltage 
Probe’, Dick writes: “Since only a qualitative 


1940 photograph ofa British NCO examining Afu equipment taken froma German radio-agentona military 
reconnaissance mission. The three-man team landed on the south coast during 1940 to ‘broadcast’ intelligence 
back to the Abwehr control station near Hamburg, but were immediately arrested. In this case no attempt 
was made to ‘turn’ the team into double agents and all three were executed. Similar low-power battery 
transmitters were also used with ‘straight’ regenerative-detector receivers for two-way contact with Hamburg. 
The photograph was originally published in Wireless Worldin 1941. 


280 


Technical Topics 


reading is necessary, I use an LED and a 
single-transistor amplifier as an indicator. 
The LED is attached to my spectacles by 
means of a small paper clip, so I don’t have 
to take my eyes off the work to see if there is 
RF about. I use the same system for a conti- 
nuity tester.” 


HERE & THERE 

THE BBC2 TIMEWATCH programme ‘The 
Spies Who Fooled Hitler’ broadcast on 2 
October 1999 was certainly watchable, though 
it suffered from the usual TV history-docu- 
mentary drawback of using archival clips and 
stills that had no accurate relevance to the 
story, and some were misleading. But it did 
include a previously unseen clip from a “home 
video’ made by the late Ronnie Reed, G2RX. 
Ronnie was one of the first RSS/MIS5 opera- 
tors to supervise or take over the sending of 
cipher messages supposedly from German 
radio-agent transmitters (photo left and Fig 6) 
inthe UK, but who in reality had been turned 
and were under the control of what became 
the XX (‘Double Cross’ ) Committee. I won- 
der if anyone knows where the full tape by 
G2RX can be seen? Two other amateurs, also 
no longer with us, shared this task: Russell 
Lee, G6GL, and Stan Riesen, GSSR. But the 
most annoying feature of the programme - at 
least to surviving former members of the 
wartime Radio Security ServVice - was the 
absence of any mention of that organisation 
which not only supplied the supervising op- 
erators but was responsible for intercepting 
the radio messages between the Abwehr out- 
stations in France, Spain, Portugal etc and 
Germany. The Abwehr and the SD did their 
best to make this as tricky and difficult as 
possible. These intercepts were vital in moni- 
toring the acceptance or otherwise of the 
deception plans and the ‘chicken feed’ 
disinformation transmitted from the UK, as 
well as providing a detailed study of the inner 
workings of the Abwehr. As usual, the pro- 
gramme assumed that Bletchley Park was 
responsible not only for decrypting the 
Abwehr traffic but apparently also plucking 
it out of the ether! Digging deeper into the true: 
history might have shown that in 1939-40, 
BP were most reluctant to have anything to do 
with RSS Abwehr intercepts, that the original 
decryption of agent-traffic was made by RSS, 
and that Hugh Trevor Roper (Lord Dacre) 
was threatened with court-martial for distrib- 
uting some of it! 

New Scientist reports that NASA lost its 
$125-million Mars Climate Orbiter space- 
craftas a result of a mistake that would shame 
a first-year physics student - failing to con- 
vert Imperial units to metric. The problem 
arose because propulsion people talk in pound- 
seconds of thrust and navigators talk in new- 
ton-seconds. No wonder one still hears that 
old saying: “Amateurs built the Ark - profes- 
sionals the Titanic”. 
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CONJUGATE MATCHING: 
QUESTION OF DEFINITION? 
WHILE I FEEL that the topic of applying 
conjugate matching theory to obtaining maxi- 
mum power transfer from a tuned power 
amplifier has by now had more than sufficient 
airing in TT (May, July and September 1999) 
it continues to generate correspondence that 
cannot be ignored. Ina letter to the Editor of 
Communications Quarterly, Jack Belrose, 
VE2CV, stresses “The Conjugate Match Theo- 
rem is simple and absolute - when the energy 
being transferred across any linearly be- 
having connection cannot be increased simply 
by changing the impedance of either the source 
or load a conjugate match exists. There is no 
wiggle room.” 

To justify this statement he writes: “It is 
positively uncanny how easy it is for some 
people simply to ignore experimental evi- 
dence staring them right in the eye when one 
of their pet understandings is in jeopardy. 
Without exception, all concede that amateur 
(Class B and C) amplifiers typically operate 
at greater than 50% efficiency. They will also 
agree that it is common to tune for a power 
peak. They then wiggle and squirm to avoid 
agreeing that the tuning process is simply 
matching two impedances to a common con- 
jugate. Their reason is that their ‘resistance’ 
(EEE Definition | for dissipative loss resist- 
ance) precludes the higher than 50% effi- 
ciency. However, the JEEE Definition 2 for 
‘resistance’ defines it as the ‘real part of 
impedance’. Impedance is the ratio of voltage 
to current and so this impedance can be a non- 
dissipative parameter. To source impedance 
of Class B and C amplifiers at the input of the 
pi-network is the ratio of the sinusoidal plate 
voltage to the sinusoidal plate current appear- 
ing at the input of the network, and since 
power is not dissipated there, this impedance 
is a non-dissipative source impedance. The 
fact that there are these two separate and 
mutually exclusive definitions of the word 
‘resistance’ doesn’t seem to matter... The 
transmitter design engineer does not need to 
worry about conjugate match if that is his 
wish. He designs the amplifier to work into 
an optimum load impedance, and, having 
accomplished this he can then design an 
impedance matching circuit to match this to 
50Q - a dummy load for purposes of tuning 
which dissipates all of the power. The manu- 
facturer sells the transmitter, which could be 
pre-tuned (commercial transmitters), and 
the radio operator tunes his antenna with 
an SWR bridge, so that it looks like 50Q. 
He connects the transmitter and it works. 

“But this narrow-minded view does not tell 
us anything about the principles of matching; 
it does not reveal that in fact we achieved what 
we achieved through a conjugate match; it 
tells us nothing about maximum power trans- 
fer; and this limited view tells us nothing 
about how an ASTU works, achieving zero 
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mismatch loss by the reflection gain obtained 
with the ASTU matching network - all of 
which are important for our understanding of 
this complex subject. .. This simply amplifies 
what we said at the outset, that the IEEE 
Definition 2 of resistance defined as the real 
part of an impedance associated with transfer 
of power through networks is almost totally 
unrecognised and misunderstood by a major- 
ity of RF engineers. An understanding of this 
concept by them provides the basis for under- 
standing why an RF power amplifier can 
deliver maximum available power into a con- 
jugately matched load while achieving 
efficiencies significantly greater than 50%.” 

Soit would all seem to boil down to which 
of the ‘two mutually exclusive’ /EEE defini- 
tions you use. Ina later letter to TT, VE2CV 
writes: “Your correspondents all seem to be 
under the impression that the output imped- 
ance [of a power amplifier] is a loss resist- 
ance. The effective output impedance of an 
amplifier, the impedance associated with the 
generation of power, 1s a dissipationless re- 
sistance. We never said that this impedance 
was invariable, independent of output power. 
Dissipationless impedance is a concept that is 
misunderstood, or never even thought about 
by most radio engineers. Impedance is a very 
important concept which applies to all sources 
of power generation.” 

Tony Harwood, G4HHZ, sticks by the 
view that the output resistance of the PA must 
be low compared to the load seen by the 
transmitter [though this statement need no 
longer contradict VE2CV’s views - G3VA]. 
He writes: “I would like to make an observa- 
tion and raise a query, both of which are 
related. The observation is that the active 
device ina PA does notitself generate power, 
it switches power from the power supply 
(which should itself have an extremely low 
output resistance) at the required frequency, 
and hence produces an RF output. In this 
process the active device dissipates power 
and contributes to 
the output resist- 
ance of the trans- 
mitter. However, it 
is only that power 
dissipated at the 
operating  fre- 
quency which af- 
fects the output re- 
sistance. Other 
losses at DC and 
harmonics are sim- 
ply losses to be 
taken into account 
when considering 
the overall effi- 
ciency of the PA, 
which is different 
to its efficiency as 
an RF generator at 
the operating fre- 


quency. 

“My question is: How is the RF output 
impedance calculated? I have consulted a 
number of the standard textbooks, but none 
show how this is done. My own gut feeling 
is that in the case of an amplifier where the 
angle of flow is small, such as a class CCW 
transmitter, then the output impedance be- 
comes more and more dependent on the ratio 
of the loaded to unloaded Q of the tank circuit 
as the angle of flow decreases; but I cannot 
see how the characteristics of the active de- 
vice or the PSU affect it. Perhaps someone 
with a better understanding of the topic would 
care to comment.” 

Since in an ideal Class E or F amplifier, the 
output device acts purely as a switch, then the 
output impedance must clearly be determined 
by the Q of the tank circuit, and this will vary 
with the degree of loading, so that we should 
consider this as a dynamic impedance rather 
thana fixed value. Iseem to recall that at one time 
we were advised to aim at a loaded Q of 12. 

My real hope is that we can now give the 
topic of conjugate matching a rest! 


BALANCED SWITCHING MIXER 

P GOODSON IN the ‘Circuit Ideas’ feature 
of Electronics World (July 1998) points 
out that the conventional dual-gate 
MOSFET mixer can be improved by chang- 
ing to the balanced switching mixer ar- 
rangement shown in Fig 7. He writes: “The 
BF981 MOSFET is now used as an ampli- 
fier, allowing it to be biased for best noise 
figure. TR2, 3 provide the switching mixer. 
L1 with C4 resonate at the IF and R4 
represents the IF load. Local oscillator 
input must be about 20mV pk-pk from a 
low impedance such as 50W and LI is 
bifilar wound on a ferrite core for optimum 
balance. This arrangement provides higher 
gain, lower noise figure and improved third- 
order dynamic range than the conventional 
single dual-gate mixer. + 


©AsGB RC2338 


Fig 7: How a conventional dual-gate MOSFET mixer can be improved by 
converting it to a balanced switching mixer (source Electronics World). 
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